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3. Status of Claims 

Claims 1-15. 24-37 and 41 are pending. Claims 16*23 and 38-40 are canceled. Claims 1- 
15, 24-37 and 41 stand finally rejected under 35 U.S.C. § 103. Appellants appeal the rejections 
of all pending claims. 

4. Status of Amendments 

Appellants have not filed any amendments subsequent to the Office Action mailed 
December 14, 2006. However, Appellants representatives, Diaiuie Rees and James Butler, 
participated in a telephonic interview on March I, 2007 with Examiners Diong Jiang and Gary 
Nickol, during which the cited prior art and obviousness rejections were discussed. However, an 
agreement was not reached, and the present Appeal was subsequently filed. 

5. Summary of Claimed Subject Matter 

The claimed subject matter includes that directed to methods of lowering triglyceride in a 
subject in need thereof by identifying the subject and administering to the subject a 
therapeutically effective amount of an exendin or exendin agonist (see, e.g., para. [0023]-[0025]) 

independent Claim 1 : The claimed subject matter includes methods for lowering 
triglyceride levels in a subject in need thereof, comprising; 

identifying a subject having elevated postprandial triglyceride levels (see, e.g., 

para. [0023], [0029]; and 

administering to said subject a therapeutically effective amount of an exendin or 

an exendin agonist, wherein said subject's postprandial triglyceride levels are lowered 

(see, e.g., para. [0023]-[0025]), 

Independent Clai m 10 : The claimed subject matter includes methods for lowering 
plasma triglyceride concentrations in a subject with heart disease, comprising: 

identifying a patient with heart disease having elevated postprandial triglyceride 
levels (see, e.g., para. [0023], [0029]); and 
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administering to said subject a therapeutically effective amount of an exendin or 
an exendin agonist, wherein said subject's postprandial triglyceride levels are lowered 
(see, e.g„ para. [0023]-[0025]). 

Independent Claim 24 ; The claimed subject matter includes methods for lowering 
postprandial triglyceride levels in a subject in need thereof, comprising: 

identifying a patient having elevated postprandial triglyceride levels (see, e.g., 
para. [0023], [0029]); and 

administering to said subject a therapeutically effective amount of an exendin or 
an exendin agonist, wherein said subject's postprandial triglyceride levels are lowered 
(see, e.g., para, [0023]-[0025]). 

A copy of the claims on appeal is attached hereto in the Claims Appendix. 

6* Grounds of Rejection to be Reviewed on Appeal 

The grounds of rejection to be reviewed are: 

(a) whether claims 1-14, 24-36 and 41 are unpatentable under 35 ILS.C. § 103 over 
Karpe et al (Metabolism, 1999, 48:301-307) and Beeley et al (WO 98/30231); 

(b) whether claims 15 and 37 are unpatentable under 35 U.S.C. § 103 over Karpe et al 
and Beeley et al, in view of Wagle et al (US Patent 6,326,396). 

7. Argument 

A. Rejection under 35 U*S*C. § 103 over Karpe et al and Beeiey et at 

The Office has failed to establish that one of ordinary skill in the art would have found it 
obvious to combine the teachings of Karpe et al and Beeley et al, . Karpe et al discloses that 
postprandial elevation of plasma triglycerides is more closely linked to coronary heart disease 
(CHD) than the fasting level (page 301, second paragraph of left column). Beeley et al dis- 
closes the use of exendins and exendin agonists to inhibit food intake (page 7, lines 23-25; 
Examples 1-4, pages 35-39). According to the Office, Beeley et al also discloses the use of ex- 
endins and exendin agonists to reduce plasma lipid levels and cardiac risk. See Office Action 
mailed December 14, 2006, page 4 T lines 9-12, Beely et al however, contains no teaching re- 
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garding the use of exendins to lower triglycerides. In fact, Beeley et al, does not mention 
triglycerides at all As explained in detail below, since it is known in the art that the lowering of 
lipids in general does not predict change in a particular lipid component, one of ordinary skill in 
the art would neither have expected exendins and exendin agonists to lower plasma triglyceride 
levels, nor have found it obvious to combine Beeley et a/.'s exendins and exendin agonists with 
Karpe et al 's subjects having elevated triglyceride levels. 

Even though Beeley et al does not disclose lowering plasma triglyceride levels or iden- 
tifying subjects with elevated triglyceride levels, the Office appears to argue that subjects at car- 
diac risk inherently possess elevated triglyceride levels, and that methods of inhibiting food 
intake inherently lower plasma triglycerides. Office Action mailed December 14, 2006, page 4, 
lines 18-28, However, that which is inherent, but unrecognized in the prior art, cannot form a 
proper basis for rejecting the claimed subject matter as obvious under § 103, See In re Shetty, 
566 R2d 81* 86 (CCPA 1977), Obviousness cannot be predicated on what is not known at the 
time an invention is made, even if the inherency of a certain feature is later established. See In re 
Rijekaert, 9 R2d 1531 (Fed. Cir, 1993), Hence, the Office improperly relied upon the alleged 
inherency of claim limitations in its construction the rejection under § 103. 

Even assuming, arguendo, that the Office's reliance upon the alleged inherency of claim 
limitations is proper, the ground of rejection flounders on the Office's failure to establish inher- 
ency. Inherency requires a certainty that a property or characteristic exists. "Inherency, how- 
ever, may not be established by probabilities or possibilities," Continental Can Co, v, Monsanto 
Co., 948 F,2d 1264, 1269 (Fed, Cir, 1991) (internal quotations omitted). Yet. the Office fails to 
show 7 that methods of inhibiting food intake as taught by Beeley et al necessarily lower plasma 
triglyceride levels. In fact evidence suggests that reducing food intake does not necessarily 
result in lowering triglyceride levels. For example, one review article indicates that a reduction 
in food intake left triglyceride levels unchanged but lowered other plasma lipid levels, Bravata 
et al, JAMA, Vol 89, No, 4, pp. 1837-1 850 (April 9, 2003) (Exhibit 1 in Evidence Appendix). 

In an effort to identify a link between reducing food intake and lowering triglyceride 
levels, the Office cites Beeley et aL's remarks on the uses of exendins or exendin agonists in 
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reducing plasma lipid levels and cardiac risk. See Office Action mailed December 14, 2006, 
page 4, lines 9-12. However, as discussed herein, the Office has failed to show that a reduction 
of plasma lipid levels generally or cardiac risk necessarily results in the lowering of triglyceride 
levels specifically as is required to support a rejection based on inherency. 

Triglycerides represent one of several classes of plasma lipids. Others include 
cholesterol -containing lipids such as high-density lipoproteins (HDL) and low-density 
lipoproteins (LDL). These classes of plasma lipids are differentially regulated. As a result, a 
number of therapeutic agents affect one class of plasma lipids without affecting another. For 
example, a combination of enalapril and valsartan reduced total cholesterol and LDL levels, 
increased HDL levels, and had no effect on triglyceride levels in patients with diabetes and 
hypertension. See Gaudio et al, J. Cardiovas. Pharmacol, Vol. 45, No. 4, pp. 362-366 (April 
2005) (Exhibit 2 in Evidence Appendix), in another study, hormonal replacement resulted in 
significant lowering of total cholesterol, HDL and LDL levels, without any significant changes 
in triglyceride levels. See Odmark et al y Maturitas, Vol 48, pp, 137-146 (2004) (Exhibit 3 in 
Evidence Exhibit). Even in patients with hyperlipidemia, lipid-lowering drugs differentially 
affect lipid profiles. See Saklamaz et al, Metabolism Clinical and Experimental, Vol 54, pp. 
677-681 (2005) (Exhibit 4 in Evidence Exhibit, discussing the failure of pravastatin, a HMG- 
CoA reductase inhibitor, to lower plasma triglyceride levels while lowering LDL levels). Yet 
another publication teaches that a class of compounds known as bile acid binding resins lower 
LDL levels, but increase plasma triglyceride levels. See Haffher et al, Diabetes Care, Vol 26, 
Supp. 1 (January 2003) (Evidence 5 in Evidence Exhibit). These publications demonstrate that 
the methods for lowering plasma lipid levels may not lower and may even increase triglyceride 
levels. In this regard, not all subjects administered exendins show a decrease in triglycerides, 
only those in need of such treatment/ 

1 Kim. et al, reported that treatment with exenatide (exendin-4) resulted in significant reductions 
in triglycerides in subjects having elevated triglycerides prior to the initiation of treatment 
(baseline triglycerides), but that no significant changes were observed in subjects whose baseline 
triglycerides were normal. Kim et at„ Diabetic Care, 23 (Supp! 4) 608-753 Abstract. P I 946 
(December 2006). 
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The Office's use of inherency in the obviousness rejection is based on hindsight. The 
Office has used the knowledge from appellants' disclosure that an exendin or an exendin agonist 
lowers plasma triglyceride levels as a roadmap to combine Beeley et aU$ exendins and exendin 
agonists with Karpe et a/.'s subjects having elevated triglyceride levels. Beeley et a/.'s 
disclosure of using exendins and exendin agonists to reduce plasma lipid levels or cardiac risk is 
silent about reductions in triglycerides. The Office has failed to show that one of ordinary skill 
in the art would have had a reasonable expectation that reducing plasma lipid levels or cardiac 
risk would result from administering exendins or exendin agonists. Additionally, the Office has 
not provided objective evidence or reasoning to support that one of ordinary skill in the art would 
have correlated the reduction of plasma lipid levels or cardiac risk with the lowering of 
triglyceride levels despite published evidence that decreases in lipids are not necessary correlated 
with decreases in triglycerides. "[T]o have a reasonable expectation of success, one must be 
motivated to do more than merely to vary all parameters or try each of numerous possible 
choices until one possibly arrived at a successful result, where the prior art gave either no 
indication of which parameters were critical or no direction as to which of many possible choices 
is likely to be successful." Medichem, S.A. v. Rolabo, S.L., 437 F.3d 1157, 1165 (Fed. Cir. 2006) 
(internal quotations omitted). In light of the vast number of treatments for inhibiting food intake 
and for reducing plasma lipid levels and cardiac risk, combined with the lack of predictability 
that such treatments would result in lowering triglyceride levels, one of ordinary skill in the art 
would neither have found it obvious to combine Beeley et al.'s methods of administering 
exendins and exendin agonists with Karpe et a/.*s subjects at cardiac risk, nor have reasonably 
expected that such methods would result in lowering triglyceride levels in the subjects. 

Accordingly, the claimed subject matter is patentable under 35 U.S.C. § 103 and the 
rejection should be reversed. 

B. Rejection of Claims 15 and 37 under 35 U.S.C. § 103 over Karpe et at. and 
Beeley et al, in view of Wagle et al (US Patent 6,326,396) 

For at least the reasons above, Karpe et al and Beeley et al in view of Wagle et. al. do not 
teach or suggest identifying a subject with elevated postprandial triglyceride levels and treating 
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such subjects with exendins or exendin agonists. Wagle et al describes the use of completely 
unrelated compounds for lipid and glucose lowering. The compounds disclosed in Wagle et al 
are small, molecules while the claims that are the subject of the present appeal are all directed to a 
particular group of peptides. Whatever else Wagle et al discloses, it too does nothing to remedy 
the deficiencies of Karpe et al and Beeley et al Additionally the Office has provided no 
evidence or reasoning why one skilled in the art would combine these references, especially 
when they address such divergent molecules to arrive at the presently claimed invention. 

Accordingly, the claimed subject matter is patentable under 35 U.S.C. § 103 and the 
rejection should be reversed. 



In view of the foregoing, Appellants respectfully request that the Board of Patent Appeals 
and Interferences reverse the pending rejections and that the subject application be allowed 
forthwith. 



CONCLUSION 
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CLAIMS APPENDIX 

1 . (Previously Presented) A method for lowering triglyceride levels in a subject in 
need thereof, comprising; 

identifying a subject having elevated postprandial triglyceride levels; and 
administering to said subject a therapeutically effective amount of an exendin or an 
exendin agonist, wherein said subject's postprandial triglyceride levels are lowered. 

2. (Previously Presented) The method according to claim 1 wherein said exendin or 
exendin agonist is administered continuously. 

3. (Previously Presented) The method according to claim 1 wherein said 
administration is by injection. 

4. (Previously Presented) The method according to claim 3 wherein the injection is 
a subcutaneous injection. 

5. (Previously Presented) The method according to claim 1 wherein about 1 jug to 
about 1 mg of the exendin or exendin agonist is administered per day, 

6. (Previously Presented) The method according to claim 1 wherein about l|xg to 
about 500 ]ug of the exendin or exendin agonist is administered per day. 

7. (Previously Presented) The method according to claim 1 wherein about ljag to 
about 100 jig of the exendin or exendin agonist is administered per day. 

8. (Previously Presented) The method according to claim 1, wherein about 3 jig to 
about 50 jxg of the exendin or exendin agonist is administered per day. 

9. (Previously Presented) The method of claim 1 wherein said subject is human. 

10. (Previously Presented) A method for lowering plasma triglyceride concentrations 
in a subject with heart disease, comprising; 

identifying a patient with heart disease having elevated postprandial triglyceride levels; 

and 

administering to said subject a therapeutically effective amount, of an exendin or an 
exendin agonist, wherein said subject's postprandial triglyceride levels are lowered. 

1 1 . (Previously Presented) The method according to any of claims 1 -10 wherein said 
exendin is exendin-3. 
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12. (Previously Presented) The method according to any of claim 1-1.0 wherein said 
exendin is exendin-4. 

13. (Previously Presented) The method according to any of claims 1-10 wherein said 
exendin agonist is selected from the group consisting of exendin-4 acid, exendin-4 (1 -30), 
exendin-4 (1*30) amide, exendin-4 (1-28) amide, u Leu, 25 Phe exendin-4, and 14 Leu, 25 Phe 
exendin-4 (1-28) amide. 

14. (Previously Presented) The method according to any of claims 1-10 wherein said 
exendin agonist is an exendin analog or derivative. 

1 5 . (Previously Presented) The method according to any of claims 1-10, further 
comprising administering a therapeutically effective amount of a statin, 

16-23. (Canceled) 

24. (Previously Presented) A method for lowering postprandial, triglyceride levels in 
a subject in need thereof, comprising: 

identifying a subject having elevated postprandial triglyceride levels; and 
administering to said subject a therapeutically effective amount of an exendin or an 
exendin agonist, wherein said subject's postprandial triglyceride levels are lowered. 

25. (Previously Presented) The method according to claim 24 wherein said exendin 
or exendin agonist is administered continuously. 

26. (Previously Presented) The method according to claim 24 wherein said 
administration is by injection. 

27. (Previously Presented) The method according to claim 26 wherein the injection is 
a subcutaneous injection. 

28. (Previously Presented) The method according to claim 24 wherein about 1 jig to 
about 1 mg of the exendin or exendin agonist is administered per day, 

29. (Previously Presented) The method according to claim 24 wherein about 1 fig to 
about 500 jig of the exendin or exendin agonist is administered per day. 

30 + (Previously Presented) The method according to claim 24 wherein about 1 jig to 
about 100 fig of the exendin or exendin agonist is administered per day. 
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3 1 . (Previously Presented) The method according to claim 24, wherein about 3 \xg to 
about 50 jig of the exendin or exendin agonist is administered per day. 

32. (Previously Presented) The method of claim 24 wherein said subject is human, 

33. (Previously Presented) The method according to any of claims 24-32 wherein 
said exendin is exendin-3. 

34. (Previously Presented) The method according to any of claim 24-32 wherein said 
exendin is exendin-4. 

35. (Previously Presented) The method according to any of claims 24-32 wherein 
said exendin agonist is selected from the group consisting of exendin-4 acid, exendin-4 (1-30), 
exendin-4 (1-30) amide, exendin-4 (1-28) amide, i4 Leu, 25 Phe exendin-4, and 14 Leu, 23 Phe 
exendin-4 (1-28) amide. 

36. (Previously Presented) The method according to any of claims 24-32 wherein 
said exendin agonist is an exendin analog or derivative, 

37. (Previously Presented) The method according to any of claims 24-32, further 
comprising administering a therapeutically effective amount of a statin. 

38. -40. (Cancelled) 

41 . (Previously Presented) The method according to claim 1 wherein said exendin or 
exendin agonist is selected from the group consisting of exendin-3, exendin-4, exendin-4 acid, 
exendin-4 (1-30), exendin-4 (1-30) amide, exendin-4 (1-28) amide, i4 Leu, 25 Phe exendin-4, and 
l4 Leu, 25 Phe exendin-4 (1-28) amide. 
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Exhibit 1 : Bravata et a I., JAMA, Vol. 89, No. 4, pp. 1 837-1 850 (April 9, 2003) 

Exhibit 2: Gaudio et at., J. Cardiovas. Pharmacol, Vol. 45, No. 4, pp. 362-366 (April 2005) 

Exhibit 3: Odmark et al, Maturitas, Vol. 48, pp. 1 37-146 (2004) 

Exhibit 4: Saklamaz et al., Metabolism Clinical and Experimental, Vol. 54, pp. 677-681 (2005) 

Exhibit 5: Haffner et al, Diabetes Care, Vol. 26, Supp. 1 (January 2003) 



EXHIBIT 1 



Efficacy and Safety of Low-Carbohydrate Diets 

A Systematic Review 



Context Low^carbohydrate diets have been popularised without detailed evidence 
of their efficacy or safety. The feature has no dear consensus as to what amount of 
carbohydrates per day constitutes a tow-carbohydrate diet. 

Objective To evaluate changes in weight serum lipids, fasting serum glucose, and 
fasting serum insulin levels, and blood pressure among adults using low carbohydrate 
diets in the outpatient setting. 

Data Sources We performed MEDLINE and bibliographic searches for English 
language studies published between January 1, 1966, and February 15, 2003, with 
key words such as hw c&rbohydr&e, ketogenic, and diet 

Study Selection We included articles describing ad ult outpatient recipients of low* 
carbohydrate diets of 4 days or more in duration and 500 kcal/d or more, and which 
reported both carbohydrate content and total calories consumed. Literature searches 
identified 2609 potentially relevant articles of low-carbohydrate diets. We included 
107 articles describing 94 dietary interventions reporting data for 3268 participants; 
663 participants received diets of 60 g/d or less of carbohydrates— of whom only 71 
received 20 g/d or less of carbohydrates. Study variabfes (eg, number of participants, 
design of dietary evaluation), participant variable* C eg, age, se* t baseline weight, fast- 
ing serum glucose teveO, diet variables (eg, carbohydrate content, caloric content, du- 
ration) were abstracted from each study. 

Data Extract ion Two authors independently reviewed arfcdes meeting inclusion cri- 
teria and abstracted data onto pretested abstraction forms. 

Data Synthesis The included studies were highly heterogeneous with respect to 
design, carbohydrate content (range, 0*901 g/d), total caloric content (range, 525- 
4629 kcaJ/d} ( diet duration (range, 4^365 days), and participant characteristics {eg, 
baseline weight range, 57-21 7 kg). No study evaluated drets of 60 g/d or less of car- 
bohydrates in participants with a mean age older than 53 .1 years. Only 5 studies (non- 
randomized and no comparison groups) evaluated these diets for more than 90 days. 
Among obese patients, weight loss was associated with longer diet duration (P- .002) f 
restrictbn of calorie intake (P- .03), but not with wducvd carbohydrate content (P .90) \ 
Low-carbohydrate diets had no significant adverse effect on serum lipid, fasting se- 
rum glucose, and fasting serum insulin ieveK or blood pressure. 

Conclusions There is insufficient evidence to make recommendations lor or against 
the use of low-carbohydrate diets, particularly among participants older than age 50 
years, for use longer than $0 days, or for diets of 20 g/d or less of carbohydrates. Among 
the published studies, participant weight loss while using low^carbohydrate diets was 
principally associated with decreased caloric intake and increased diet duration but not 
with reduced carbohydrate content 
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BETWEEN 1960 AND 2000 IKE 
prevalence of obesity among 
adults aged 20 years to 74 years 
in the United Spates increased 
from 13.4% to 30.9% ^ An estimated 
325000 deaths and between 43% and 
5. 7% of direct health care costs (approxi- 
mately $39452 billion) are attributed 10 
obcssty annually. ' 1 Results from the \99& 
Behavioral Risk Factor Surveillance Sur^ 
vey indicate that roughly one third of US 
adults were trying to lose weight at that 
time, and another third were trying to 
maintain weight." 1 Recently, low- 
carbohydrate diets have resurged m 
popularity as a means of rapid weight 
loss, yet ihdr long-term efficacy and 
safety remain poorly understood. 

The first low-carbohydrate diet to 
have enjoyed popular success was that 
described by William Banting in the 
1860s.* Banting claimed that he was 
never hungry and at the age of 66, in a 
period of a year T lost 46 of his initial 202 
pounds. He wrote, The great charms 
and comfort of the system are that its 
effects arc palpable within a week of trial 
and creates a natural stimulus to per- 
severe for ? few weeks more.* 5 

While it is difficult to estimate ihe 
number of people who have followed 
lew-carbohydrate dkis, ihe number and 
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popularity of snides and books from 
the lay press advocating their use at- 
izst to a high level of interest in and de- 
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EFFICACY AND SAFETY OF LOW-CARBOHYDRATE DIETS 



of low-carbohydrate diets Robert 
Atkins, has been on the New York limes 
bestsellers' list continuously for more 
than 5 years. 6 Over the past 5 years, 3 
books on bw-carbohydrate diets col- 
lectively sold millions of copies in the 
United States. 6 ' 8 Advocates of low- 
carbohydrate diets claim that diets 
higher in protein and lower in carbohy- 
drates promote the metabolism of adi- 
pose tissue in the absence of available 
dietary carbohydrate and result in rapid 
weight loss without significant long- 
term adverse effects. 6 

However, numerous professional or- 
ganizations, including the American Di- 
etettc Association and the American 
Heart Association, have cautioned 
against the use of low-carbohydraie di- 
ets.^ 2 There are concerns that low- 
carbohydrate diets lead to abnormal 
metabolic functioning that may have 



serious medical consequences, particu- 
larly for participants with cardiovascu- 
lar disease, type 2 diabetes mellitus, dys™ 
lipidemia, or hypertension. Specifically, 
it has been cautioned that low- 
carbohydrate diets cause accumulation 
of ketones and may result in abnormal 
metabolism of insulin and impaired liver 
and kidney function; in salt and water 
depletion that may cause postural hy- 
potension, fatigue, constipation, and 
nephrolithiasis; in excessive consump- 
tion of animal proteins and fats that may 
promote hyperliptdemia; and in higher 
dietary protein loads that may impair re- 
nal function. OJ4 

The medical literature pertaining to 
the efficacy and the metabolic effects of 
low-carbohydrate diets is composed of 
numerous heterogeneous studies of rela- 
tively few participants. The studies vary 
in terms of dietary interventions pro- 



Table 1, Results of Literature Search ** 


Description 


No. Of Articles 


MEDLINE keyword searches 




Search 1, dtet* 


192654 


Search 2, low carboryydrate* 


667 


Search 3, high far 


5782 


■ Search 4, high protein* 


3473 


Search 5, ketogenic 


706 


Search 6, isocaforic 


2S03 


Search 7, hypocaloric 


706 


Search 8, profe/V) sparing 


2014 


Search 9, carbohydrate restricted 


6362 


Combine searches: 1 AND (2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9} 


2609 


UM!T by (participant types; adiifts and humans) then discard duplicates 


Exclusion criteria 




Articles included onfy pediatric participants (no adufts) 


21 


Diet duration <4 d 


95 


Did not report sufficient data to be abte to catenate grams per day 


72 


ot carbohydrates per diet 




Did rKtf report sufficient data to oe ahie to calculate cafories per day per diet 


97 


Participants hospitalized or confined to a research center 


146 


Dtots that provided <500 kcavti 


25 


Review article 


35 


Articfe not 'm English 


17 


Included onfy pregnant participants 


5 


Did not report data for any of the outcomes of merest 


1994 


Total articles excluded from those fotmd in the MEDUNE $earch| 


250& 


Articles included Iron manual searches of bibliographies 


7 


Total articles included in the analyses 


107 


Combine duplicated reports on the same study participants 


13 


Totai studies of dietary Interventions included 


94 



as dksts, dfating, and QtBtary). 
tSfcverai artctes met mors than i of the sxcfusiofl ern&ia, 

1838 JAMA, April 9 T 2003— Vol No, 14 [Reprinted) 



vided (eg, percentage of calories from car- 
bohydrate, fat, and protein), type of par- 
ticipants enrolled (eg, participants with 
diabetes or with hyperlipidemia), and 
outcomes evaluated (eg, weight toss or 
change in glycemic control). The pur- 
pose of this study was to synthesize the 
literature on bw-carbohydrate diets to 
evaluate changes in weight, serum lipid, 
fasting serum glucose, and fasting se- 
rum insulin levels, and blood pressure 
among adults using low-carbohydrate di- 
ets in the outpatient setting. 

METHODS 

Data Sources 

Two authors and a professional librar- 
ian independently developed search 
strategies to identify studies that met 
the eligibility criteria. We performed 
searches on MEDLINE for English- 
language studies published between 
January 1, 1956, and February 15 7 2003, 
that were indexed with key words in- 
cluding diet, low carbohydrate, high fat, 
high protein, and ketogenic (TABLE 1). We 
also reviewed the bibliographies of re- 
trieved articles and conference proceed- 
ings to obtain additional citations. 

Study Selection Criteria 

English-language studies were consid- 
ered eligible for this analysis if they evalu- 
ated any of the following interventions: 
low-carbohydrate, ketogenic, higher- 
protein, or higher-fat diets for adults who 
were not pregnant. Additionally, the 
included studies had to report sufficient 
data to calculate both carbohydrate con- 
tent (grams per clay) and total calories 
consumed Qdlocaloriesper day). Because 
we were interested in diets that could be 
followed by outpatient adults, studies that 
evaluated diets with the following char- 
acteristics were excluded: less than 500 
kcal/d, duration of diet less than 4 days, 
or requirement for participants to be hos- 
pitalized or confined to a research or diet 
center. Articles were excluded if they did 
not report data for at least I of the clini- 
cal outcomes of interest. 

Abstraction Methods 

One author reviewed the 2609 rides and 
abstracts identified by the combined 
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MEDUNE search for potentially rel- 
evant studies. Two authors indepen- 
dently abstracted study design and par- 
ticipam data onto pretested abstraction 
forms from each of these publications 
and reviewed bibliographies for addi- 
tional potentially relevant studies. Ab- 
straction discrepancies were resolved by 
repealed review and discussion, if 2 or 
more studies presented the same data 
from a single participant population, 
these data were included only once in 
the analyses. If a study presented data 
on 2 types of diets and if 1 of the diets 
did not meet our inclusion criteria (eg, 
studies that compared a fast- with a 
lower-carbohydrate diet), then data 
were abstracted only for those partici- 
pants receiving the diet that met the in- 
clusion criteria, 

Data Abstracted 

Three types of variables were ab- 
stracted from each study: dietary inter- 
vention, participants studied, and clini- 
cal outcomes. The variables for dietary 
intervention abstracted were carbo- 
hydrate, fat, and protein content 
(grams/day) , daily caloric content (ki- 
localories per day), and the duration of 
dietary intervention (days). The partici- 
pant variables abstracted were type of 
participants enrolled (eg, athletes, 
healthy volunteers, or participants with 
obesity, hyperhpidemia, diabetes, or 
hypertension) , age, sex, and race/ 
ethnicity. The outcome variables ab- 
stracted were measures of body mass 
(weight in kilograms, body mass index 
fBMi] calculated as weight in kilo- 
grams divided by the square of height in 
meters, and percentage of body fat), mea- 
sures of lipid levels (total cholesterol, 
low-density lipoprotein (LDLJ choles- 
terol, high-density lipoprocein [HDL] 
cholesterol, and serum triglycerides), 
measures of glycemic control (lasting se- 
rum glucose and insulin levels), and a 
measure of hypertensive control (sys- 
tolic blood pressure). 

Statistical Analyses 

For each study, a weighted mean was cal- 
culated for each of the participant and 
diet characteristics (weighted by the 



number of participants who completed 
the study). We calculated an effect size 
for each outcome variable for each study 
(ie, standardized mean difference) from 
the mean change in the variable from the 
start of the diet to the end of the diet and 
the variance about this changed If the 
study did not report these data , a pooled 
variance was calculated. 15 If an indi- 
vidual study did not report a measure of 
variance for the start or the end values 
of each outcome variable, then a weighted 
mean variance was calculated, and this 
weighted mean variance was used to cal- 
culate the pooled variance.* s If a study 
did not report any measure of variance 
for an outcome, the overall mean pooled 
variance was used for that study. 

Typically, a meta-analysis is the quan- 
titative synthesis of independent stud- 
ies, each of which was designed to com- 
pare the effects of a standard treatment 
with an experimental treatment. Be- 
cause the studies are independent, so 
are the effect sizes. In the case of our 
analysis, the participant, diet, and out- 
come variables for each participant 
studied are correlated; therefore, the 
corresponding estimated effect sizes for 
these measures are correlated, 1 * Mul- 
tivariate analysis of variance (weighted 
by the number of participants who fin- 
ished each diet) was used to calculate 
the summary effect of the dietary and 
participant characteristic variables on 
the outcome variables.* 5 For example, 
using this method, the effect of carbo- 
hydrate content controlled for diet du- 
ration and calorie content on weight 
Loss could be determined, 

Bivariate analyses were performed to 
estimate the differences in weight loss, 
serum lipid, fasting serum glucose, and 
fasting serum insulin levels, and blood 
pressure between participants who were 
grouped into 2 general categories of 
lower- vs higher-carbohydrate diets. The 
bivariate analyses required setting a 
threshold to classify lower- vs higher- 
carbohydrate diets. Because the litera- 
ture has no clear consensus as to what 
amount of carbohydrates per day con- 
stitutes a low-^rbohydrate diet, the dif- 
ferences between lowest-, lower-, and 
higher-carbohydrate diets by carbohy- 



drate thresholds of 20 g/d or less, 60 g/d 
or less, and more than 60 g/d> respec- 
tively, were evaluated. Unless other- 
wise specified, these thresholds will be 
used to define these categories of low- 
carbohydrate diets. These thresholds cor- 
respond to recommendations found in 
the popular literature of low-carbohy- 
drate diets, 6 ** 

For the bivariate analyses, effect sizes 
were combined using a fixed effects 
model, which produces a narrower 95% 
confidence interval (CI), thereby in- 
creasing the likelihood of finding a dif- 
ference between lower- and higher- 
carbohydrate diets- Then tests of 
homogeneity on summary effect sizes 
using the Q statistic were calculated. We 
attempted to minimize multiple com- 
parisons. Because 4 outcome groups of 
interest (changes in body mass, serum 
lipid levels, glycemic indicators, and 
blood pressure) were included, a Bon- 
ferroni adjustment was used and the 
null hypothesis was rejected only if the 
level of significance was less than .0125 
(.05/4 = . 0125), Analyses were per- 
formed using SAS version 6,12 (SAS In- 
stitute, Cary, NC), SPSS version 9.0 
(SPSS Inc, Chicago, 111) and Microsoft 
Excel 2000 (Microsoft Corp, Red- 
mond, Wash). 

RESULTS ~ 
Identified Studies 

Our MEDLINE search identified 2609 
titles of potentially relevant articles. We 
obtained 7 additional references from 
manual searches of the bibliographies of 
retrieved articles (Table 1) . A total of 107 
articles met the inclusion criteria. After 
combining multiple reports on the same 
study participants, we included 94 
dietary interventions (Table 1 and 
Table 2). 

Study Characteristics 

The designs of the included studies 
were highly heterogeneous (Table 2). 
Several studies included a washout 
phase at the beginning of the study in- 
terval, during which participants typi- 
cally received a standard or mainte- 
nance diet that was intended to simulate 
their usual diet in calories and macro- 
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nutrient composition. For those stud- 
ies including a washout phase, we con- 
sidered the participants' weight at the 
end of the washout phase as their base- 
Hue weight. 

Forty-three studies used random- 
ised research designs: 24 studies were 
randomized controlled trials 11 ^ in which 



participants were randomized to 
receive 1 of 2 or more diets and 19 
studies were randomized crossover 
trials 4 ^ 5 in which participants were ran* 
demised to receive one diet first and then 
to receive a second diet. Of those stud- 
ies that did not use randomized re- 
search designs, 17 studies^ 6 ' 94 com- 



pared participants receiving a lower- 
carbohydrate diet with a comparison 
group receiving an alternative diet. In 
some studies, participants were al- 
lowed to decide which diet they would 
prefer to maximize adherence to the 
prescribed diet. Nine- studies 85 ' 94 
had a sequential design in which 



table 2, Characteristics of tow-Carbohydrate Studies by Study Destgn* 




Total 
No. of 


Age, Mean 
(Raftgej,y 




Duration 


No, of 




Dietary Composition, Range 




Source 


Amis in 
Stiidyt 


Carbohydrates, g 


Protons, g 


Fats, g Tota^ Calories, kcal 








Randomized Controlled TrMs 










Vessby et e$ i7 


162 


43(30*65) 


S3 


90 


2 


236*247' 


60-61 


88-69 


21 40-21 50 


Hocioday sJ tB 


93 


52(2^65) 


56 


365 


2 


150-203 


75 


43-67 


1500 






00 (<!!>4of 


0 


160 


2 


225-242 


63-66 


49-63 


1634-1740 


1 aajn fit nP 0 


OS 


r- 1 ■« n c rv 

01 llo^Bj 


0 


160 


2 


110-186 


62-89 


27-47 






63 


40 


15 


90 


1 


50 


HA 




1200 


Kralz Gt sP 


68 


26 06-43) 


0-100 


28 


6 


272-304 


79-92 






Salesman et af 23 - 24 


43 


45 


43-50 


42 


2 


229-234 


79-62 


67 "69 




SchknKit et 


49 


44 


13 


140 


2 


179*210 


61-64 






Poster 


47 


41 


0 


84 


2 


30-100 


70-90 


13^20 




Skov et a? ?w and Hauirfc & ^» 


46 


40 (18-66) 


23 


180 


2 


248 386 


79-131 








45 


NA(56-5S) 


46-5? 


66 


2 


212-218 


78-SO 




i4oo-1442 




41 


27 


100 


49 


3 


1B4-566 


127-149 


79*245 




Scott et 


36 




0 


56 


2 


104-152 


51-53 


22-46 




Srussaard et ai 3 * 


35 


NA (19-30) 


66 


34.5 


2 


315-375 


93-98 


0/ -go 




Wotsv^r and MeWhg* 1 


34 


56(30-65) 


16-23 


112 


3 


223-232 


75-82 


47-74 




Brown eta! 56 


32 


26 (16 62} 


54 


84 


2 


369-631 


114-124 


50-196 






26 


NA (62-64) 


33^55 


56 


2 


167-219 


64-112 


46"49 




F3gert?arg et aP* 


23 


50(44-56) 


100 


2a 


2 


31-204 


69-70 


26*72 




Kogonete-P 


23 


40 £3-55} 


0 


28 


2 


29-116 


69 


23*62 


9S0 


Racette ei <d*> 


23 


39 #1-47) 


0 


84 


4 


76-162 


32-74 


69-74 


1147-1231 


Hammer et af*'§ 


U 


33 


0 


112 


1 


114 


50 


16 


600 


Mathieson ei aT- and Wafoerg et af 43 


12 


NA (23-36) 


0 


28 


2 


44 94 


33 


3-25 


530 


raster er ai ana waduen et art 


9 


41 


0 


336 


1 


146 


60 


41 


1194 


Coyteelaf* 5 


7 


26 


100 


14 


2 


718-901 


113-117 


9-106 


4358-4444 








Randomized Crossover Trials 










Parker etai" 


54 


61 


35 


56 


2 


167-211 


63-111 


45-43 


1543-1367 


MSar etaP 


43 


54 


43 


56 


1 


289 


95 


63 


2100 


Peterson and 


2$ 


36(21-50) 


0 


42 


1 


150 


NA 


NA 


1500 




25 


31 


0 


2022 


3 


243-330 


77-65 


45-89 


2069-2115 




22 


53 


0 


14 


2 


174-287 


90 


53-102 


1970-1987 




21 


57 


67 


28 


2 


202-272 


106-110 


77-42.4 


1910-1924 


Ro&ift atal 53 


2Q 


29(20-3$ 


5 


14 


2 


0-50 


77-105 


33-55 


600-917 


Jenkins *3af J 


20 


56{3&71) 


75 


30 


2 


323-415 


111-189 


76-00 


2764-283$ 


Wetreter 


18 


59 {4^6$ 


61 


112 


2 


190-264 


69-74 


56-90 


1847-1849 


Simpson ei at 55 


14 


54 


S3 


42 


2 


209-375 


98 


63-137 


2466-2462 




14 


26 


100 


14 


2 


250-301 


106-1G9 


60-136 


2187-2636 




12 


56 


a? 


21 


2 


299-302 


52-126 


56-80 


2103-2175 


lous&yeial 55 


11 


64(51-7$) 


MA 


42 


2 


11 5-202 


67*70 


23- 60 


1240 


W#f e> arid Pichef 6 


10 


26(20-5?) 


20 


28 


2 


256-304 


64-116 


84-35 


2155-2178 


Wolfs and Gstwan^^ 


10 


50(24-6?) 


40 


28 


2 


363-344 


52-1GB 


52-53 


1909-2011 


Whitehead & a* 63 


a 


49(31-57) 


25 


7 


3 


80-133 


38-90 




1004 




7 


24 


too 


6 


2 


^83-767 


183-186 


62-346 


4584*4623 




7 


32(28-43} 


too 


e 


2 


299-436 


112 


6e-149 


2988 


Spaing af 55 


0 


NA (25-43) 


NA 


14 


4 


0-200 


0-55 


0-71 


800-1066 
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Tafele 3. Characteristics of Low-Carbohydrate Studies by Study Design* (cont) 





Total 


Ago. Mean 






No. Crf 




Dietary Composrtfcm* Range 




Source 


No. of 


Sex, 


Duration 


Arnista 










Particrpsntst 




%Mafs 


Qf Diet, d 




Carbohydrates, g 




Fats, q Tetal Calories, kcal 






TYiate With Control or Comparison Group 








Siai kowska et 


101 


NA 


0 


42 


2 


75-113 


55-71 


43*73 


1066*1237 




100 


43(23-67) 


47 


366 


4 


36-31 £ 


51100 


15-97 


1350-2100 


Goiay $ <#* 


68 


45 


. 22 


64 


2 


70-132 


85-86 


34^57 


1142 1179 


lur>fe and fteuter® 


61 


54 £7-37} 


34 


160 


2 


100 


NA 


NA 


1000 




4a 


22 


100 


90 


2 


207-289 


86 


59-87 


1952 


Afford) # 




39(31-66} 


0 


70 


3 


75-225 






1200 




35 


58 


53 


84 


3 


198-280 


DO"/ J 


17-57 


1541-1813 


DonneayetaF 


36 


NA 


0 


90 


3 


79 




1 


525 


Ttortpson el ^ f4 t 


27 


29 


100 


14. 


2 


183-668 


1 16-1 26 


77-296 


3856-3871 


V<tek et si 7 * and Sharrmn et 


20 


36.7 


100 


42 


2 


48-283 


80-1 76 


56-157 


1950-2336 


treiandetaP 


IB 


30 


38 


14 


2 


87*124 




28-111 


1S17-1887 


Gunrteer etaPand Low et aP 


17 


53 


47 


42 


2 


39-312 




2M27 


1S35-1785 


Vaswani® 


17 


31 


0 


54 


2 


10-70 


NA 


NA 


800 


Your»a et aEP' 


e 


23(21-28} 


100 


■ S3 


3 


30-104 


IIS 


103-135.5 


1800 


SimrOnyi gt #F 


7 


28-47 


0-100 


6-10 


7 


15-25 


NA 


NA 


1537-2010 


Graenhatf aF 5 


S 


28 


too 


4 


3 


20-486 


100-174 


36-207 


2622*3673 


Gf^ertftaff et al* 1 


5 


31 


100 


4 


2 


22-617 


75-179 


29-242 


2988-3011 








Sequential Study Design 










HuSeyotaf* 


41 


NA. (24-59) 


100 


180 


2 


160-277 


97-102 


114-117 


2100-2523 




19 


39.2 (28-66) 


100 


14-28 


2 


242-312 


!vr - tUO 


71-102 


2313-2390 


BonanomeataF 


19 


65 (40-61) 


63 


60 


3 


182-242 


57-61 


42-72 


1518-1616 


Senog et atf* and Apfeibaunn et ai® 


16 


NA (18-22} 


NA 


NA 


2 


70*525 


105 


31-233 


2800 


HaSakotai* 


16 


NA (18-30) 


100 


14 


2 


160-327 


59-64 


17-104 


1696-1834 


O'Dea ©t a! 91 


10 


61 (50-60) 


100 


14 






95-246 


19-129 


1538-2115 


CattranetaF 


S 


34 (£4-57) 


63 


21 




92-242 


70*84 


40-117 


1638-1780 


Ekstetit6taf w 


7 


NA (21-37) 


100 


B 




323^542 


109-182 


54-220 


2300-3800 




6 


NA (£2-46) 


NA 


4 




25 


101 


159 


2026 








Pre-Post Studies 












113 


37 


NA 


180 




38 


84 


29 


750 




104 


Of 


33 


106 




40 


60 


100 






oy 




20 


126 




30 


NA 


NA 


1 AAA 


Betters et a! 98 


C7 
07 


41 


21 


60 




40 


NA 


NA 




C^is-Pascua! et of* 


54 


43 


15 


140 




hq 
nj 


73 


SLA 




Ccmi af 00 


«K> 




57 


30 




211 


63 


40 


140G 


Harvey st aT** 


42 


52 


36 


130 






45 


40 


1260 




41 


44 


24 


168 




23 


115 


98 


1447 


SpSisr etsP™ 


26 


56(29-81) 


NA 


63 




241 


103 


90 


2194 


Mogul & ai^ 


26 


47,54 


0 


365 




159 


122 


38 


1500 




25 


40 


0 


28 




65 


55 


7 


544 


Larosa et al' 36 


24 


NA {20-60) 


58 


56 




6 


107 


108 


1461 


EngeBtart &t aF w 


19 


NA {34-71} 


15 


84 




183 


112 


45 


1625 


De Lorar^o at af" 


19 


32 


0 


SG 




214 


78 


43 


1554 


Serog et aP 3 and Apfeibaum et 


14 


NA 06-23 


10 


14 




36 


70 


16 


560 


Marsoobian at aP* 


13 


MA {1 6-28) 


0 


14 




30 


NA 


NA 


600 




10 


43 


0 


42 




245 


85 


87 


2066 


Votek«aP"-"* 


10 


26 


100 






39 


147 


151 


2110 




9 




0 


28 




102 


41 


15 


743 




S 


37 


100 


60 




165 


38 


50 


1500 


Evans et aT 5 


8 


NA £21*40$ 


0 


42 




86 


75 


94 


1490 


Bereft et and Gra^te et a t,,s 


7 




100 


10 




10 


35 


91 


1000 


Staudacher et ^ 1fr t 


7 


24 


100 


S 




197 


171 


351 


4S2S 




6 


21 £0-23} 


0 


7 




49 


103 


164 


2066 


Btot et aF 1 


2 


23 ^22 "23; 


50 


24 




7 


180 


225 


2773 



Abbreviation: NA, m available, 

*3tucfy arid design: Randomized cofwo&d trials were ihose tr? v^ch parttcipants wsr& rsndom^ad to rec&p/e 1 of 2 or moredists- rs^tofzed crossover tnate ware those in which 
participants we random^d to rww me c£^t ^ e«1 tft£n to receive a seco^ dtaL S^iernia 1 study ciesgns wene those iri wNch ail p^tcipants rewsd 2 or ™ diets in 
t^e sa™ ofefee pre-post studies were those jd wHch a s^gl& group received a si^a diet. 

f Total member of particjp&rus comDiet*^ the diets. Ntinrtjer of arms equals rwt^r of t&jis a^uBled. 

$Oniy data tor parttoparits reccing dei<SY i^ervs^tions rr^etjng the exOJSsjn &m wera fr^ucteiS, 
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Table 3, Diet Characteristics 








Carbohydrates in Diet, §/d 










f 


tower, £60 






Higher >60 


1 






No. of Diets 


Mean (SD) 


■ I 

Median (Range) 


1 " " 
No. of Diets 


Mear* (SD) 


Median (Range) 


P Value 


CaftX)ftydrate content, g/d 


38 


29 (15) 


30(0*6$ 


157 


236(141) 


211(65-901) 


<.001 


Protean content, g/d 


26 


96(45) 


95(33-180) 


150 


89(36) 


83 {0*250} 


,30 


Fat content, gfti 


25 


104 (65) 


93 (16-242) 


150 


m (58) 


57(0*351} 


,01 


Caloric content, kcal/d 


38 


144$ $53) 


1454 {530-298^ 


157 


1913 {880) 


1740(525-4629) 


.002 


Diet duration, d 


37 


50(70} 


24 (4-365) 


152 


73(83) 


42 (4-365) 


-10 



all participants received 2 or more 
diets in the same order. Twenty-five 
studies 95 ' 121 were pre-post evaluations 
in which a single group received a single 
diet. For those participants in studies 
with randomized crossover and sequen- 
tial diet designs, we did not use the data 
from the second diet interval in our 
analyses because participants did not 
typically return to their baseline weight 
between diets. 

Diet Characteristics 

The included studies reported on 38 
lower-carbohydrate diets,* 60 g/d of 
carbohydrates); 13tof these 38 were 
lowest-carbohydrate diets (S20g/d of 
carbohydrates) . Lower-carbohydrate 
diets had lower caloric contents (mean, 
1446 kcal/d) than higher-carbohy- 
drate (>60 g/d of carbohydrates) diets 
(mean, 1913 kcal/d, P-.002). Studies 
of lower-carbohydrate diets tended to 
have a shorter duration than studies of 
higher-carbohydrate diets (mean, 50 
days and mean, 73 days, respectively; 
P- .10) (Table 3). Studies of the lowest- 
carbohydrate diets had shorter dura- 
lion (mean [range], 19 [4-84] days) 
than the lower- and higher-carbohy- 
drate diets {P=.02). Only 5 studies 
evaluated lower-carbohydrate diets for 
more than 90 days, and these studies 
were nonrandomized and noncon- 
trotted designs (Table 2) * w 

All of the studies in our systematic 
review included participants in the 
outpatient setting. The studies used 
a variety of methods to verify that 
the participants adhered to the pre- 

♦References 21, 26, 39 F 42, 43> 53, 6S t 67, 1% 76, 
78^80, 82-84, 88. £9, B4-98, 102, 105, 109, 11 1.112. 
116*118.121. 
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scribed diet. These methods included 
food diaries, measured ketonuria 
or serum p-hydroxybutyrate levels, 
comparison of the expected sodium 
intake with observed urinary sodium 
levels, and multiple or no verification 
methods. 

Because most weight loss programs 
include both diet and exercise, we 
were interested in comparing lower- 
carbohydrate diets with and without 
exercise. However, the included stud- 
ies varied significantly with respect to 
the amount of description of the exer- 
cise component. For example, many 
studies simply stated that exercise 
was encouraged but did not present 
information about the type, fre- 
quency, or duration of exercise by 
participants. Therefore, given the lack 
of sufficiently detailed data, we ex- 
cluded exercise information from our 
analyses. 

Participant Characteristics 

The included studies present data on 
3268 participants who completed the 
diets: 663 participants received lower- 
carbohydrate diets, of whom only 71 
received lowest-carbohydrate diets 
(TABLE 4), No significant difference 
was found in the age or sex of recipi- 
ents of lower- vs higher-carbohydrate 
diets. The mean (SD) age of recipients 
of lower-carbohydrate diets was 37,6 
(8,5) years and no study of lower- 
carbohydrate diets had a mean age 
older than 53.1 years. The partici- 
pants' weight before diet, BMI, per- 
centage of body fat r serum lipid, fast- 
ing serum glucose, and fasting serum 
insulin levels, and systolic blood 
pressure did not differ significantly 



between the lower- and higher- 
carbohydrate groups (Table 4), The 
definitions of what constituted a 
healthy volunteer, obese participant, 
or participant with diabetes varied 
among studies. The classifications 
of racial/ethnic groups also varied 
among studies that reported data 
on race/ethnicity; thus, these classifi- 
cations were not included in our 
analyses, 

Effect of Diet and Participant 
Characteristics on Efficacy 
and Safety Variables 

Results of the bivariate analyses com- 
pare the differences in each of the out- 
come variables between recipients of 
lower- vs higher-carbohydrate diets 
(TABU 5). The interpretation of these 
analyses is complicated by the signifi- 
cant heterogeneity of the included stud- 
ies. For example, because the in- 
cluded diets were not isocaloric, the 
lower-carbohydrate diets vary signifi- 
cantly with respect to the percentage of 
calorie intake from carbohydrates. We 
have attempted to compare diets with 
similar caloric contents, durations, and 
study designs to account for this het- 
erogeneity. 

Change in Weight, and Per- 
centage of Body Fat. At the end of 
both lower- and higher-carbohydrate 
diets, participants' weight, BMI, and 
percentage of body fat decreased 
(Table 5). In general, for both lower- 
and higher-carbohydrate diets, 
we found the greatest weight loss 
occurred among those participants 
receiving diets with the lowest caloric 
content and for those participants with 
the highest baseline weights (Table 5), 
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The 72 young participants of the 14 
diets* of very short duration (<I5 
days) receiving lower-calorie diets (mean 
[SD] age, 26.8 [831 years; mean [SDK 
2> [13] g/d of carbohydrates; mean [SD], 
1597 [715] kcal/d for participants with 
a mean [SD] weight before diet of 78.4 
[5-2) kg) demonstrated significant mean 
(SO! weight loss (13.6 (0.1) kg); how- 
ever, no data were available about 

♦References 53. 82, 84,88,89. 109, 116-118, 120. 



whether they maintained this weight loss 
beyond the study period 

Of the 34T of 38 lower-carbohy- 
drate diets for which weight change af- 
ter diet was calculated, these lower- 
carbohydrate diets were found to 
produce greater weight Joss than higher- 
carbohydrate diets (absolute sum- 
mary mean [SD] change, 16,9 [0,2] kg; 

t References 21. 26, 39, 42, 43. 53, 67. 75. 76, 78- 
80, 82, 84, &S, fl9 r 95-98, 102, 106, 109, 111,112, 
116-118, 121. 



95% CI, 16.647.3 kg vs 1.9 [0,2] kg; 
95% CU 1.6-2.2 kg) (Table 5). Be- 
cause the 95% Cls for the lower- and 
higher-carbohydrate diets do not over- 
lap, it suggests that a difference may ex- 
ist in weight change between the 2 types 
of diets. However, the highly heterog- 
eneous nature of the 34 diets is re- 
flected in the significant Q statistic as- 
sociated with the summary mean 
changes in weight calculated when all 
studies were included in the analysis. 



Table 4. Participant Characteristics Before and After Diet 



Carbohydrates in Diet g/d 



Lower, is60 



Htgh&r* >60 





1 

No. of 
Otets 


No. of 
Participants 


Mean l&tYi* 


1 

Median 

f Ran no} 


r 

NO, Of 
Dists 


NO. Ol 

Participants 


Mean (SO)* 


1 

Median 


P 

Value 


Age,y 


38 


692 


37.6(8.5) 


35 (20-53.1) 


147 


2605 


44-3(12.6) 


39.6 (20-64 .2) 


.90 


o6x 5 % mal e 


34 


561 




29(0-10^ 


131 


2483 


42.0(40,0) 


48(0-100) 


.60 


Wes&nt, kg 
Before diet 


23 


568 


91.7 (154 


87 (57,2-1 15.5} 


118 


2247 


86.2 (19.7) 


81.4(61-217) 


-90 


After diet 


18 


435 


79-3 (10.1) 


77,5(55,5-94.5) 


113 


1844 


82.8(18-9) 


77.6(60.1-210) 


.30 


BMi. kg/rr? 
Before diet 


3 


145 


36-3 (5.2) 


36.3(36.0-37.$) 


36 


925 


30.6(4.1} 


29.2(21.8-39.7) 


.05 


After tfiet 


1 


113 


29.7 (4.1) 


29.7 (297 ^29,7) 


28 


739 


28,0(3-5) 


26-3{21J-35.G) 


.50 


Percentage of body tet h % 
Before diet 


S 


76 


38.1(6.2) 


314(20.5-44) 


33 


655 


37.2 (4.S) 


39.0(12.8-47.3) 


70 


After diet 


5 


66 


33.9 


22.3(16,9-41) 


27 


536 


33.2 (4,9) 


33.2(12-2-39.8) 


.60 


Cholesterol, mg/dt 
Total 




















Before diet 


13 


227 


191.1(21.2} 


186(148.2-214) 


79 


1519 


246,4 (42,5) 


201 (124^267.8) 


.03 


After del 


12 


205 


168.3(29,4) 


186(119.6-348) 


75 


1322 


201.8(36.1) 


197 (136.6-252.5) 


.60 


LDL 




















Before 


7 


181 


118.6(20.7) 


1199 (103.6-136) 


43 


934 


137.4 (30.9) 


129{8a5-212.7] 


.20 


After dfet 


7 


168 


123,1 (20.7} 


116,6(96.7-151) 


42 


652 


130.2(20.3) 127.9(47-189.5} 


.60 


HDL 




















Bete diet 


10 


197 


51.3(12.7) 


49,1 (27.1-87) 


48 


1080 


48.7 (13.4) 


47.3(30.9-72,8} 


.60 


After diet 


9 


175 


53.3 £5.1) 


53.0 {37.1 -87) 


48 


984 


48,4 (9.9) 


46,4(27.1-77,3} 


,20 


Triglycerides, mg/dL 




















Before diet 


13 




136.5(60-8) 


115(68.7-263.4) 


74 


1674 


138.3(53.4} 129.6(47.8-377.1) 


,50 


After <$et 


13 


214 


98.1(38.7) 


930(57.9-130.2} 


70 


1245 


12&2 (46.8) 


123 £50-247,1} 


,01 


fasting serum glucose. rog/dL 
Before diet 


11 


252 


101 .3(11,1) 


95.0 {73.8-226.8} 


60 


1040 


130.5(37.1} 


97.2 (72.5-225) 


,90 


After diet. 


11 




91.4 (19.3) 


87.0(68-144) 


59 


371 


112,4 (24.6) 


99 (67,5-205.2) 


.10 


Fasting serum insula 0U/mL 
Before dte* 


6 




i0.£ (4.7) 


10.2(3.4-16,4) 


44 


839 


10,3(8.5} 


10.3(1,0-36,0) 


.90 


After cfet 


6 




6.6(2.6) 


6.3(2.2-10.2) 


46 


778 


9-4 (4.3) 


7.9 (0,98-38.0) 


.50 


Systofc blood pressure, mm Hg 
Before diet 


3 


132 


138.9(16.2) 


126,0(112-141.9) 


23 


507 


134.0(16.7} 


133(111-148) 


.50 


After diat 


3 


132 


125.1(12,6) 


119-0(107.7-126.8) 


20 


403 


127-4(12.3} 129.6(105-136) 


?0 



Abbreviations: BML bocty mass fndax; HDL Ngvder^ty lipoprotein 101, tow-density lipoprotein 

31 corwafsiori factors: To corwt rr^'ol t* mmoi/t tor total ctofesterd, LDL and HDL mytipfy by C.G25S. To convert mg/dt to mmol/l tot tfi$y<#iride$, mu^pSy by O.0113. To 
convert mg/tft. to mnvgfl tor tasting $&ven glucose, mu&pV by 0,0555, To convert MfU/mt to prrx&L for fa^ng seo^m insula mu&pfy by 6.945. 

*M&an$ ^ weighted by the number oi participants (eg. maan BM1 isefore is wfeght**d by m number of participants siarting irm die! and tha ms$n am after dsns weight ad 
by the number of parti&pants completing ?he diet). Because the studies used to calculate th9 data terfom and after diet onm dflfer, the chang$ an outcomes sncMcf riot be 
tnterpfded 35 the difference between t^e means beto ana after the diet (data reflecting the summary mean changes in outcomes are presents ;n Tabfe 5), 
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Given this heterogeneity, tittle can be 
concluded about the summary mean 
change in weight loss when ait studies 
ar£ combined. When only the random- 



ized controlled trials and the random- 
ized crossover trials in the analysis are 
included, the result of the Q statistic 
suggests that the studies are homoge- 



neous. From thi$ selected group of rela- 
tively similar randomized studies of 7 
lower-carbohydrate dtets 2i+26,3142 ^ 3 - 53 and 
75 higher-carbohydrate diets we found . 



Tafete S> Summary Mean Change if* Outcomes* 











C&rbohydrat&s in Diet, g/d 








3 


Lower, <60 








. Higher, >60 


"1 




f 

No* Of 

Oietsf 


No, of 
Participants 


Summary 
Mean 
Chang&t (3D) 


} 

95% Oi 


i 

No. of 
Diets 


Summary 
No. of Mean 
Participants Change* {SD) 


j 


Weight change, kg 

Ail studies, an participants 


34 


668 


~16.9(0.2)§ 


-16.6,-17.3 


130 


2092 


~13(0.2)§ 


-1.6, -2.2 


ACT and R^Cross only 


7 


132 


-3.d (1.2) 


-1,2. -6.0 


75 


1122 


-2.1 (0.3) 


-1,6, -2,7 


i\s vvf lies ((_ tjn UTt? QtCi, KC<J"Q 

<t500 


13 


614 


-17,5(0>2}§ 


-1M.-17.8 


45 


870 


-3.1 (0.4)§ 


-2.4, -3.8 


^1500 


16 


53 


-SJ (0 2)% 


-5-4, -6.0 


84 


1222 


-1.5 (0.2)§ 


-1.2.-1.9 


Diet duration, d 


14 


72 


-1&6{0.1}§ 


-13,5, -13.8 


25 


198 


~15(0.2)§ 


-1.1,-1.8 




9 


142 


-5.3 (0.6}§ 


-4.2, -6.4 


52 


327 


~3-5<Q,4)§ 


-4,3 


>60 


10 


447 


-2.4(2,1} 


+18, -6.5 


45 


968 


-1.1*06) 


-.01,-2.3 


Participant age, y 
<40 


22 


426 


-17.7 (0.2)§ 


-17.4,-18.1 


59 


642 


-1.4{G.2}§ 


-1.0,-1.8 




12 


242 


-5.0(0.6}§ 


-3.8, -6.2 


62 


1231 




-2.4, -3.5 


Baseline weight, kg 
<70 




22 


~19.6(0.2)§ 


-19.2, -20.0 


19 


230 


-3.2 


-1.9, ^4.4 


70^100 


13 


365 


-0.8 (16) 


+2,4, -4,0 


77 


1357 


-2.4 {0.4} 


-1.3, -0.4 


>100 


7 


138 


-6.6(a7)§ 


-5.2. -8 0 


18 


301 


-8.1 pm 


-6,5, -9.7 


kg/m 2 

Air studies, ail participants 


1 


113 


-1.4(4.6) 


+7,6,-10=3 


27 


739 


-OA (0.4) 


+0.3, -1.1 


Body fat, % 

AJJ studies, ail participants 


5 


66 


-1.0 {5,6) 


+4.0, -6.0 


27 


536 


-1.0(0.6) 


+0,1.-2.1 



Cholesterol, rng/d 
Total 



Aj) studies, all participants 


t3 


214 


-1.2 {7.3) 


+ 13.2, -15,5 


87 


1633 


-&1 (1.4) 


-5.5,-10.8 


RCT and R-Cross only 


3 


77 


-1.9 (97)§ 


+17.1.-20.8 


43 


903 


-14(3.3) 


+5.0, -7.9 


LDL 


















All studfes, at] participants 


7 


168 


-0.3 (9.7) 


+1&3,-1B,7 


42 


852 


-0.7 (3.1) 


+5,3, -6.8 


RCT and ROross only 


1 


63 


+0.4 (30.7) 


+60.5. -59.7 


22 


563 


-1,0(3.7) 


+5.3. -8.3 


HDL 

All studies, at! participants 


9 


175 


-0^2(2.1} 


+4.0. -4.3 


46 


964 


-0.8 (0.6} 


+0.4, -2.0 


RCT and R -Cross onfy 


3 


77 


-0.8 (4.2) 


+7,5, -9.1 


22 


553 


-0.9 (0.7} 


+0,4 r -2,3 


Triglycerides, mgftJL 

All studies, all participants 


13 


214 


+4.1 (4.5) 


+13.0, -4.6 


78 


1531 


-0.6 (3.3) 


+7J F -6,0 


RCT and R-Cross only 


3 


77 


+0,3 {19.0) 


+37.6, -37.0 


43 


903 


-1.3(4.4) 


+9,9, -7.4 


Fasting serum glucose, m^/dL 
AM studies, aif participants 


11 


249 


-1.3(2.8} 


+4.3, -6.8 


59 


871 


-0.4 (12) 


+ 19, -2.7 


RCT am R-Cross only 


2 


69 


-0.3 (27,4) 


+53.4, -64.0 


17 


45,5 


-0,3 (13) 


+2.4 1 -3.0 


Fasting serum insulin, pmoVL 
Afi studies, aif partjdpants 


5 


45 


-0.8 (9.9) 


+18.5, -20.1 


44 


764 


-0,4 (16) 


+2.9, -3.7 


RCT and R-Crossonly 


0 








26 


467 


-0.01 {2.3) 


+4.4, -4.5 


Systolic blood prassurs, mm Hg 
All stufJes, all participants 


4 


173 


0.7 (52) 


+10,8, ~9.5 


25 


481 


0.6 (2.5) 


+6.6, -4.3 



^ u*.f. t wsj/ i * of, HWFittt wiiBK copras, insuTjfstsn* oaia to cajfeuww outcome; huu regn-aensjty apopraten; LPL iow-dansftv lipoprotm RCT, rarr- 
domrzed rontntfed Kn$, ft-Cross, rarxfeyrezad crossover irfel 
*3ee Tabfo 4 for th£ conversion oi cmverafonaf unite m SI units. 

tllie mason ihat ths number oi dfets end number o? partfeipants tor whom we were abte to eaicufate a cfeenes in each of the outcomes is greater th&n tfts number of cfets and 
rtumbaf of par^cspants for whom we presented m trie data before and aftGf diet (T mte 41 & that soms studies reportad only the change in the outcome ba not before or after dtei 
data. 

JSummafy mean £^sn$s ft aacfr outcome vsriabte was calotod feom a starxjarcked mean dstfeferice, A negat&e charge in any of £be outcome vaiia&ss denotes a reductim fn 

tfiai ^variabte afttw the dfet intervai. For exampltD, the 55?>dme summary mean change in wesgN loss calaiatao' from al studies of tewer-carbohydrate diets was 1^.9 kg, 
§Tne Q s^attsfe for tftai surmwy mean <+wtge calculation s^rtfi^m Oe, studies wem f*cs homo^f^ous), 
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that the absolute summary mean [SD] 
change decrease in weight for lower- 
carbohydrate diets was 3.6 (1.2) kg 
(95% CI, L2-6.0 kg) and for higher- 
carbohydrate diets was 2.1 (03) kg 
(95% CI, 1,6-2.7 kg). This overlap in 
§5% CIs suggests no difference in 
weight loss between the lower- and 
higher-carbohydrate diets. 

To evaluate the weight loss demon- 
strated in the studies with the lowest- 
carbohydrate content, we calculated the 
summary mean [SO] change in weight 
toss found in the 13 diets* of these di- 
ets with 71 participants. In this group 
of studies, we found a summary mean 
(SD) change in weight of -1.2 (-2.3) 
kg (95% CI -5,7 kg to 33 kg). The re- 
sult of the Q statistic suggests homo- 
geneity; however, we note that these 
studies vary with respect to study de- 
sign, including studies that are not ran- 
domized and that do not include a com- 
parison group. Thus, based on the data, 
it can be concluded that lowest- 
carbohydrate diets did not result in sig- 
nificantly greater weight loss than 
lower-carbohydrate diets. 

When we consider the.22 diets! with 
the greatest mean weight loss (ie, mean 
weight loss of >10 kg), we found that 
they varied widely with respect to car^ 
bohydrate content (mean [range], 97 
( 10-271 J g/d of carbohydrate) (data not 
shown). However, these diets re- 
stricted caloric intake (mean [range], 
1077 1525-18001 kcal/d), were longer in 
duration (mean (range], 142 [42-365] 
days), and included participants who 
were signiBcandy overweight at the start 
of the diets (mean [range], 101 [84- 
183] kg) (data not shown). These re- 
sults suggest that these 3 variables may 
be more important predictors of weight 
bss than carbohydrate content. 

Change in Serum Lipid Levels. 
For all studies and participants of 
lower-carbohydrate diets, no change 
was found in any of the serum lipid 
levels (ie, the 95% CIs for the sum- 
mary mean [SD] change in total, LDL, 
and HDL cholesterol, and triglycerides 

•References 53 . 65, 80. 62, 83, 106, 116-118. 
fReferefKes 23, 24, 26, 40, 44, 45, 67, 73, 78, 7? t 

95-97, 



levels all included 0) (Table 5). How- 
ever, heterogeneity and paucity of 
studies complicate the interpretation 
of the outcomes of serum lipid levels. 
In contrast, among the more homoge- 
neous group of studies of higher- 
carbohydrate diets, we found a sig- 
nificant decline in total cholesterol 
levels (summary mean (SDl change, 
-8.1 |L4j mg/dL; 95% Cl t -5.5 to 
-10.8 or -0.21 10.04] mmol/L; 95% 
CI, -&14 to -0.28 mmol/L) but not in 
the other serum lipid levels (95% CIs 
include 0). 

From the3studies 80 '* 06JZI of lowest- 
carbohydrate diets that reported data 
for total cholesterol levels for 36 par- 
ticipants, we found no change in st- 
rum lipid levels (summary mean 1SD] 
change for total cholesterol, +0,1 [28.0] 
mg/dL; 95% CI, -54.8 to +55,1 mg/dL 
or 0.0026 [0 J3\ mmo!/L; 95% CI, -I A 
to 1.4 mmol/L) (data not shown). None 
of the studies specifically evaluated the 
effect of lower-carbohydrate diets on se- 
rum lipid levels among participants 
with hyperlipidemia, and only 1 study 79 
reported outcomes for serum lipid lev- 
els for participants with diabetes. 

Change in Fasting Serum Glucose 
and Insulin Levels. No change was ob~ 
served in either fasting serum glucose 
or insulin levels among recipients of ei- 
ther lower- or higher-carbohydrate di- 
ets — even among those participants 
with the greatest weight bss or those 
participants receiving the lowest- 
carbohydrate diets (Table 5). Only 1 
small study 78 (9 participants) specifi- 
cally evaluated the effect of lower- 
carbohydrate diets on fasting serum glu- 
cose or insulin levels among obese 
participants with diabetes {both 95% 
CIs include 0) (data not shown), 

Change in Systolic Blood Pres- 
sure. We found no change in systolic 
blood pressure after diet in partici- 
pants receiving either lower- or higher- 
carbohydrate diets. Four stud- 
ies ».«.95joi ot j 73 recip i en£5 of j ower _ 

carbohydrate diets demonstrated a 
summary mean (SD) change in de* 
crease in blood pressure of 0,7 (5.2) 
mm Hg (95% Ci , +10.8 to -95 mm Hg) 
(Table 5), 



Outcome Variables for 
Low-Carbohydrate Diets 

To determine the effect of diet and par- 
ticipant characteristics on the out- 
comes of interest, a weighted analysis of 
variance was performed (TABLE 6), The 
weighted analysis of variance was used 
because the outcome variables are cor- 
related; the diets vary with respect to total 
caloric content, duration, and carbohy- 
drate content; and to avoid the use of a 
threshold to define what constitutes a 
lower-carbohydrate diet. Because only a 
few studies evaluated all of the dietary, 
participant, and outcome variables of in- 
terest, we were limited in our ability to 
include all studies or all variables in this 
analysis. The results of the analysis of 
variance using ail diet data from all stud- 
ies reporting weight loss, baseline weight, 
age, sex, and diet variables demonstrate 
that weight loss was significantly asso- 
ciated with longer diet duration (F= ,008) 
and baseline weight (P< .00 1 ) . For obese 
participants, restriction of calorie in- 
take also was associated with weight loss, 
albeit not statistically significant after ap- 
plying the Bonferroni adjustment 
(P-.03) (Table 6). Reduced carbohy- 
drate content was not significantly as- 
sociated with weight loss. 

For all diets and all participants, reduc- 
tions in LDL cholesterol levels were asso- 
ciated with high baseline weight 
(P~ .005), weight loss (p* .005), younger 
age (P- .004), restriction of calorie intake 
(F* .002), and longer diet duration 
(P=.002)(Table 6). Overall dietary and 
participant characteristics were notsig- 
nificanUy associated with changes in total 
cholesterol, HDL cholesterol, or triglyc- 
eride levels, Reductions in fasting serum 
glucose and insulin levels were consis- 
tently associated with longer diet dura- 
tion (Ps.01 and F=. 002, respectively). 
Restriction of carbohydrate intake was 
not significantly associated with changes 
in serum lipid levels, change in fasting 
serum glucose levels, or systolic biood 
pressure. 

COMAftENT 

Our quantitative synthesis of the 107 
studies of 94 diets from the English- 
language literature on the efficacy and 
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Ta fcie €. Results of Weighted Analysis of Variance to Determine the Effects of Drels and Participants on Outcome Variables 
for Lower-Carbohydrate Diets* 



Outcome 



No. of 
Dtetst 



ft g t Weighing 



% 
Mate 



Mean 



Carbohydrates, g/d 



Caloric 
Content, 
kcai/d 



Wolght bss, kg 



Diet 
Duration, d 



1 

R Auction 
of Fasttng 
Weight QJucos©, 
toss, kg J moydtf 



All rfiP*J*j riftftWrviwTf* 




0.69 


<.0G1 


.04 


,02 


.90 


,50 


-008 






r*v f oJiU rv vfdSS SILOBS OfEy 


15 


0.94 


<.0Q1 


.90 


.30 


.10 


50 


=06 






hteaJthy vGkjfii&ys 


12 


rt R7 
u.o/ 








.„, ,„ -40 


,90 


.06 






Obese participants 


33 


0.33 








.90 


.03 


.002 






PaDetic participants 


12 


0.60 
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safety of low-carbohydrate diets sug- 
gests that there is insufficient evi- 
dence to make recommendations for or 
against the use of these diets. Despite 
the large number of Americans who 
have apparently adopted this ap- 
proach to weight loss and/or weight 
maintenance, we know little of its ef- 
fects or consequences. In particular, 
these diets have not been adequately 
evaluated for use longer than 90 days, 
for individuals aged 53 years or older, 
or for use by participants with hyper- 
lipidemia, hypertension, or diabetes. 
The lowest-carbohydrate diets (eg, ^20 
g/d of carbohydrates, the recom- 
mended threshold for some of the most 
popular diets) have been studied in only 
71 participants for whom no data on se- 
rum lipid, fasting serum glucose, and 
fasting serum insulin levels or blood 
pressure was reported. 

We found insufficient evidence to 
conclude that lower-carbohydrate con- 
tent is independently associated with 
greater weight loss compared with 
higher-carbohydrate content. We did 
find, however, that diets that re- 
stricted calorie intake and were longer 
in duration were associated with weight 
loss. Given the limited evidence in this 
review, when lower-carbohydrate di- 
ets result in weight loss, it also is likely 
due to the restriction of calorie intake 
and longer duration rather than carbo- 
hydrate intake. Lower-carbohydrate di- 
ets were not associated with adverse ef- 
fects on serum lipid levels, fasting serum 
glucose levels, or blood pressure. How- 
ever, because few studies reported on 
these outcomes, this systematic re- 
view lacked statistical power to detect 
small changes in these measures. 

The heterogeneity of all the studies 
included in this review precludes draw- 
ing conclusions from the synthesis of 
the total group of studies. The statisti- 
cally significant weight loss demon- 
strated when we compared mil studies 
of lower- and higher-carbohydrate di- 
ets using the threshold of 60 g/d of ca r- 
bohydrates was not confirmed by any 
other analyses (eg, evaluating the re- 
cipients of diets containing ^20 g/d of 
carbohydrates or the participants with 
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the greatest weight loss). We attribute 
this finding to the inclusion of studies 
of lower-carbohydrate diets with rela- 
tively short durations for obese partici- 
pants in whom significant weight loss 
was achieved while using diets of 60 g/d 
or less of carbohydrates, primarily 
through restriction of calorie intake. It 
may be that these obese participants 
were better able to tolerate the restric- 
tion of calorie intake while using lower- 
carbohydrate diets than while using 
higher-carbohydrate diets. This obser- 
vation suggests the need for addi- 
tional studies of isocaloric diets with dif- 
ferent carbohydrate contents in which 
participants are specifically assessed for 
symptoms of hunger and on the toler- 
ability of the diet. 

Our analyses were limited by a small 
number of studies that evaluated more 
than 1 of the outcomes of interest or 
that provided sufficiently detailed in- 
formation about their participants or di- 
etary intervention, Specifically, our sys- 
tematic review highlights 5 significant 
gaps in the published literature of low- 
carbohydrate diets. First, the lack of ad- 
equate long-term follow-up data sig- 
nificantly limits our understanding 
of the efficacy and safety of low- 
carbohydrate diets. In particular, the 
long-term effects oflow-carbohydrate 
diets on serum lipid, fasting serum glu- 
cose, and fasting serum insulin levels 
and blood pressure may differ be- 
tween hypocaloric diets intended for 
weight loss and isocaloric diets in- 
tended for weight maintenance. Sec- 
ond, we were not able to evaluate the 
effects of these diets on different racial/ 
ethnic groups. The absence of data re- 
garding the efficacy and safety of lower- 
carbohydrate diets by race/ethnicity 
critically limits our ability to make par- 
ticipant-specific recommendations 
about these diets. Third, because exer- 
cise can have a significant effect on 
weight loss, we had hoped to include 
a measure of energy expenditure as a 
covariate in our analyses. We were un- 
able to report data on exercise be- 
cause many studies either did not re- 
port any information about participants' 
exercise patterns or simply stated that 
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participants were encouraged to main- 
tain baseline levels of exercise. Fourth , 
some of the included die is provided 
counseling or other supportive mea- 
sures to encourage participants to ad- 
here to the dietary intervention. The 
heterogeneity of the information re- 
ported about how adherence was mea- 
sured limited our ability to include them 
in our analyses. Finally, many of the in- 
cluded studies reported only the num- 
ber of participants who completed the 
dietary intervention. Among those stud- 
ies that reported both the total num- 
ber enrolled and the total number who 
completed the intervention, very few 
performed an intention-to-treat analy- 
sis. This limitation of both the lower™ 
and higher-carbohydrate diets has the 
potential to bias the results in the di- 
rection of overstating the effects of the 
dietary intervention. 

Our search strategies may have in- 
troduced biases into our results. First, 
we only included English-language 
studies. We found 17 foreign- 
language articles that we could not ex- 
clude on the basis of the English title 
or abstract. Extrapolating from our find- 
ing that 94 evaluated dietary interven- 
tions of 60 g/d or less of carbohy- 
drates, it is likely that about a third of 
these would have evaluated lower- 
carbohydrate diets. However, we be- 
lieve that the data from these esti- 
mated 5 or 6 foreign-language articles 
that may have met our inclusion crite- 
ria would not have changed the result 
of our analyses, as to do so all of these 
studies would need to have included 
significantly larger number of partici- 
pants than the included studies, found 
very different results than those de- 
scribed, or evaluated diets for more than 
90 days. Given the important cultural 
and ethnic differences in dietary hab- 
its, including foreign-language stud- 
ies may have increased the heteroge- 
neity of the participants evaluated. 
Second, our search was limited to 
MEDLINE and the bibliographies of re- 
trieved publications. Although the ma- 
jor nutricion science publications are in- 
cluded in the MEDLINE database, we 
may have missed some relevant ar- 
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tides. Given the multiple clinical out- 
comes evaluated, we did not perform 
a formal analysis of publication bias. 

The results of our systematic review 
suggest that if participants without dia- 
betes tolerate a lower-carbohydrate diet 
be tter than a higher-carbohydrate alter- 
native, this diet may be an effective 
means of achieving short-rerm weight 
loss without significant adverse effects 
on serum lipid levels, glycemic con- 
trol or blood pressure. However, there 
is insufficient evidence to recommend 
or condemn the use of these diets among 
participants with diabetes or for long- 
term use. Because of the complex rela- 
tionships between serum lipid levels, 
plasma insulin levels, Cortisol and glu- 
cagon levels during dieting, 83 and be- 
cause of the claim by some proponents 
of low-carbohydrate diets that these di- 
ets work best when producing ketosis, 6 
future evaluations of lower-carbohy-^ 
drate diets should enroll participants 
with and without diabetes and with and 
without abnormal lipid levels to more 
fully describe, the effects of lower- 
carbohydrate {sometimes called "keto- 
genic") diets on lipid and glycemic in- 
dices and ketogenesis. 

Despite the abundance of lay litera- 
ture on the topic of low-carbohydrate 
diets, to date our study is the first pub- 
lished synthesis of the evidence from 
the English-language literature. Our re- 
suits demonstrated the marked discor- 
dance between the knowledge needed 
to guide dietary choices and the infor- 
mation that is available in the medical 
literature. Investigations that will ex- 
amine the long-term effects and con- 
sequences of low-carbohydrate diets 
among both older and younger partici- 
pants with arid without diabetes, hy- 
perlipitiemia, and hyperkalemia are in 
urgent need. 
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Changes in Plasma Lipids During Renin-Angiotensin 
System Blockade by Combination Therapy (Enalapril Plus 
Valsartan) in Patients With Diabetes and Hypertension 

Giovanni Gaudio, MD* Luigina GuasiL MA PhD * Alberto Schizzatotto, MD* Cinzia Simoni. MD,* 
Chiara Crespi, MD* Mariagrazia CimpamlH, MQf Catherine Klersy, MD.f Anna M. Grandi, MD f f 

Giudiita Rigann, MD> * and Ackilk Venco t MD* 



Abstract; There is experimental evidence of an interaction between 
the angiotensin system and lipid metabolism. The aim of this study 
was to evaluate whether a block of the angiotensin system achieved 
both by ACE inhibition m4 angiotensin J!— AT I receptqr blockade 
could affect the plasma lipid profile and, if so> what relationship &usls 
between these possible changes and glucose metabolism and blood 
pressure. In 50 pmmu with type 2 diabetes and hypertension, treated 
with diabetes drugs and enalapril, we evaluated thz glycemie and lipid 
pmrlle together with the HOMA insuim^i&tifice index, blood pres- 
sure and microalbuminuria at baseline and 3 months after ihe addition 
of valssrtea At the second evaluation, blood pressure was reduced as 
expected, whereas the glycerol profile, the HOMA index, and the 
body mass index l *trc unchanged Total cholesterol, LDL<> and 
^>opratdn B were reduced during combmatim therapy (F - GKGQ3, ^ 
0XXH, and P « 0,004, respectively), plasma KDL-c was slightly though 
Significantly tncmased {P 0.024), whereas apoprotein A mid irigryceride 
levels, did not change. Ate adjustment for &e insula, resistance index 
and for blood pressure, ti*e redaction of LDL-e and apoprotein B and the 
increase m KDL-c remained significant The variation in lipid profile was 
oot related to the changes in blood pressure. Moreover, the addition of 
valsartan to malapril was associated with a reduction m micro- 
albuminuria, which remained significant alter adjustment for LDL-c or 
blood pressure changes. Thus, the greater' degree of *e*nn-^clensin 
system blockade or specific pr&rmaccdynamki effects of valsartan could 
account for the changes in plasma %id profile observed m te study. 

Keywords: angiotensin, lipid metabolism, type 2 disbeic^ valsartan* 
enalapril 

(/ Cartfiovasz Pharmacol™ 2005;45:362-366) 

Atherogenics is characterized by complex phenomena 
among which the renin-angiotensin system (RAS) is now 
recognized as an important modukung factor. The key role of 
taw-density lipoproteins (LDL) and their modified forms in 
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detenrunirig the vascular eel! dysfunction arid injury is well 
known. 1,2 Recently there has been increasing evidence of an 
interaction between hyperhpidemia and the RAS activation, 
LDL up-regtilates ATI receptor expression/- 4 and, conversely, 
angiotensin II up-regulates specific endothelial LOXA 
receptors for ox-LDL through ATI -receptor activation and 
facilitates oxidation of LDL and its uptake by monocytes/mac- 
rophages (among the reported mechanisms involved in this 
process are an increment in cellular proteoglycan concent and 
fucoidki-biiidirtg receptors and increased cellular CD36 
mRNA expression)^ 10 Moreover, recent experimental evi- 
dence in hypertension has linked the modifications associated 
with die atherogenesis occurring in vascular walls and plasma 
with both the lipid profile and metabolism md the angiotensin 
system. The SHR animal model, which shows increased 
angiotensin H levelsu renin activity, angiotensin receptors, and 
angioteasmogen mRNA, exhibits an up-reguiaden of the 
L0X4 receptor for.ox-LDL expression. 1 u% Moreover, LDL 
derived from hypertensive patients is more susceptible to lipid 
peroxidation than LDL derived from normotensive controls. 12 
Diabetes meUitus magnifies the risk of cardiovascular damage 
and leads to accelerated atherosclerosis, i3 Various elements 
such as dysEipidemia, hyperglycemia, insulin resistance, and 
platelet activation and aggregation, together with the increased 
prevalence of hypertension, cooperate in the increase of cardio- 
vascular morMity and mortality in patients with diabetes,' 3 In 
addition, microalbuminuria has been shown to be an inde- 
pendent predictor of increased cardiovascular risk in diabetic 
patients. 1 * The aim of this study was to evaluate in this high- 
risk group of patients with diabetes and hypertension whether 
a greater blockade of the RAS achieved by inhibiting ehe 
system both at the converting e&syme and at the ATI receptor 
levels could affect the plasma lipid profile md, if so, what 
relationship exists between theso possible changes and changes 
in glucose metabolism and blood pressure. As a secondary 
endpoint we investigated whether microalbuminuria, an index 
of microvascular damage, amid be reduced by Uxe addition of 
valsartan to enaiapril and whether this possible change was 
accounted for by blood pressure or lipid profile variations. 

METHODS 

We studied 62 consecutive patients with both type 2 
diabetes and hypertension 15 referring to oat Hypertension 
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Center with the following characteristics: all were treated with 
enalapril 10 mg/d for hypertension and with diet and/or anti- 
diabetic medications for diabetes (4 patients with diet therapy, 
i I with biguamdes, 10 with sulfonylureas, 26 with biguanides 
and sulfonylureas, 8 with biguanides and sulfonylureas and 
acarbose, and 3 with insulin). Moreover, the patients were 
included in the study if clinical blood pressure was greater than 
130/80 mm Hg despite the enalapril treatment and the clinical 
condition did act require a change in diet and/or antidiabetic 
medications. 

In 50 patients (group f ) valsartan 80 mg/d was added to 
the drugs already taken (enalapril and antidiabetics}. Twelve 
consecutive patients (control group: group 2) agreed to 
continue the antihypertensive treatment with enalapril alone 
for the following 3 months. 

All the patients were evaluated twice (at baseline and 
after 3-month follow-up) with clinical visits including calcu- 
lation of body-mass-index (BMI), measurements of sphygmo- 
manometric blood pressure, evaluation of ambulatory blood 
pressure, and laboratory examinations. In addition, the 24- 
hour microalbuminuria was measured at both examinations. 

In all subjects, blood sampling was obtained to 
determine the glycemic profile (fasting glucose, fasting 
insulin, Hb A | C ), total cholesterol, HDL-c, LDL-c, triglycerides, 
apoprotein A, apoprotein B. The homeostasis model assess- 
ment of insulin resistance (HGMA-IR) index was calculated 
according to the formula: HOMA-IR index » [fasting insulin 
(pmol) X fasting glucose (mmol/L)]/22.5. 16 

Biood Pressure Evaluations 

Sphygmomanometric blood pressure was determined in 
the morning between 9:00 and 10:00, and systolic blood 
pressure, diastolic blood pressure, and pulse pressure 
(arithmetic difference between systolic and diastolic measures) 
were considered in subsequent analyses. Afterward a 24-hour 
biood pressure monitoring was performed. The subjects were 
previously instructed to take the antihypertensive treatment 
(enalapril 10 mg) at 7:00 am, even on the days of the visits. 
Then the patients were instructed to provide 24-hour urines 
for rrjicroalbuminuria detection and were submitted to a 
fasting blood sampling. The blood pressure monitoring was 
performed with a Takeda 2430 (A&D Co) monitor set to take 
a measurement every 15 minutes, The 24-hour systolic and 
diastolic blood pressures were evaluated. After 3 months all 
the subjects again underwent a sphygmomanometric evalua- 
tion of blood pressure, 24-hour ambulatory blood pressure 
monitoring, and blood sampling. Microalbuminuria was also 
measured at 3-month follow-up. All subjects took medications 
regularly, taking antihypertensive drugs at 7:00 am even on the 
day of the test (50 patients, enalapril 10 mg plus valsartan 80 
mg; 12 patients, enalapril 10 mg). 

Statistical Analysis 

Data are presented ± SD, unless skewed when median 
and interquartile range (1QR) were reported. A x 3 test was used 
to compare the prevalence of the various treatments for 
diabetes (diet, oral antidiabetic treatment, insulin) in the 2 
groups of patients (group 1 1 patients in whom antihypertensive 
treatment was increased to enalapril plus valsartan after the 



first evaluation; group 2, patients who stayed on enalapril 
alone), 

The Mann-Whitney 17 test was performed to compare 
hemodynamic and metabolic parameters between group 1 and 
group 2, A general linear regression model was fitted to the 
data to assess changes over time of blood pressure, lipid 
profile, and (log-transformed) microalbuminuria, with calcu- 
lation of Huber- White robust standard errors to account for 
intrapatient correlation in time. The observed changes were 
also controlled for insulin resistance and blood pressure or 
lipid profile in a multivariate model. Pearson correlation 
coefficient was computed to measure the association between 
changes in blood pressure and in lipid profile. Stata 7 
(StataCorp, College Station, TX) was used for computation. A 
2-sided P value <0,05 was retained for statistical significance. 

RESULTS 

In 50 type 2 diabetic patients whose antihypertensive 
treatment was increased after the first evaluation adding 
valsartan to enalapril (group 1), the lipid profile was 
significantly changed after a 3-month follow-up. During 
combination therapy* total cholesterol, LDL-c, and apoprotein 
B levels were reduced by 16 mg/dL, 14 mg/dL, and 10 mg/dL, 
respectively, when compared with the values observed at the 
first evaluation, whereas the plasma HDL-c was slightly 
though significantly increased by 2 mg/dL (Table 1). Figure i 
shows the individual changes in LDL< and in HDL-c. The 
apoprotein A and triglyceride levels did not significantly differ 
from the values found at the first evaluation (Table 1), 

In these group 1 patients, the glycemic profile and the 
insulin-resistance HOMA-IR index at the follow-up examina- 
tion were similar to those found at the first evaluation, but the 
sphygmomanometric blood pressure as well as the 24-hour 
ambulatory blood pressure were significantly reduced as 
expected by the addition of valsartan to enalapril (Table 1). 
Moreover, the body-mass index did not change after the 3- 
month foilow-up (first evaluation, group 1, 26 + S ± 4.S kg/m 2 ; 
second evaluation, group 1, 26,5 ± 4.6 kg/m 2 ). 

At baseline (enalapril monotherapy in both groups), the 
lipid profile, the glycemic profile, and the HOMA-IR index 
were similar between group i and group 2(12 patients who 
stayed on enalapril alone in the following 3 months) (Table 1). 
Moreover, the body-mass index was similar between the 
groups (poup 2 S 26.9 :£ 4.8 kg/rn 2 ), and the prevalence of 
dietary treatment and/or oral antidiabetic drugs and/or insulin 
treatment was similar in the 2 groups of patients. The clinical 
blood pressure, pulse pressure, and metabolic profile in group 
1 did not differ from those in group 2 (Table 1). These patients 
did not show any statistically significant change in lipid and 
glycemic profile, H0MA4R index, or body -mass index during 
the follow-up period (data not shown). 

In group 1 patients who showed an improvement in lipid 
profile after combination therapy, after adjustment for insulin 
resistance index and for blood pressure, the reduction of LDL-c 
and apoprotein B and the increase in HDL-c remained 
significant and did not change in magnitude (adjusted differ- 
ences: reduction of 13.6 mg/dL, reduction of 10.4 mg/dL, and 
increase of 3 .9 mg/dL, respectively). The variation in lipid profile 
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TABLE 1. Lipid Profile, Ciycemic and Metabolic Parameters, and Blood Pressure Values in Group 1 (Patients Who Added 
Valsartari to Enalapril During the 3-Month Follow-up) and in Group 2 Patients (Subjects Who Remained on EnalapHl Alone) 







Group 1 




Baseline* (Eealapril) 


Baseline* (EftalaprO) 


Failow^yp (Enatepril + Vaisartan) 


P 


Lipid f>*ofite 










Tqt&i cholesterol (mg/dL) 


220.9 s 44.9 






124 ± 42 


LDL-£ (mg/dL) 


134.6 i 36 




u.wl 


137.4 ± 29 


HDL-c (mg/dL) 


$0.5 ± 14.9 




0-024 


51.12 ± 12 


Apoprotein B (mg/dL) 


H4 * 31 


103.8 ± 22 


0.004 


1 17 ± 34 


Apoprotein A (mg/dL) 


139 J ± 26 J 


133.3 z 23.5 


ns 


140.2 ± 30 


Trygliccrid^s (mg/dL) 


178.8 ± 109,7 


160.5 ± B4.6 




J 72.52 i 97 


Glyceric and metabolic pararraters 










Fasting glucose (mg/dL) 


170 ± 45 


160 ± 47 


ns 


165 ± 48 


F&simg insulin (pAJ/mL) 


13.1 2: 9.8 


14 * 16,6 


ns 


12.5 ± JL3 


KO^A-m index 


5,29 i 4.25 


549 s 4.65 


ns 


5.05 s 4.36 


Blood pressure values 










Sphygmomanometric SBP (mm Hg) 


15! ± 20 


136 ± 23 


<0.00! 


153 ± 20 


Spl^gnmmariometric DBP (mm Hg) 


84 ± 10 


76 Z 13 


0.002 


84 ± 12 


Sphygtnomanometric PP (mm Hg) 


67 ± IS 


60 - 16 


<0.00l 


68 + 16 


24~hour SBP (mm Hg) 


145 ± 15 


139 ± 14 


0.01 


146 ± 17 


24^tjour DBP (mm Hg) 


78 ± 7 


75 i 6 


0,05 


77 ± 8 



*P >■ 0.0J comparing baseline values between groups J and 2 (Mann-Whitney t* test). 

SBP indicate systolic blood pressure; DBF indicates diastolic blood ptessu*; PP indicates puis* frressure; LDl^c indicates Jow^density lhwpr«U:ro*ehoi«terol- HDL u 



. was not related to the changes in blood pressure as indicated by 
the lack of relationship between the variations in LDL*c and 
systolic, diastolic and pulse pressure changes occurring after 

, the 3-month follow-up (Pearson R ^ 0.27, ns, in aO cases). 

Moreover, the addition of valsartan to enalapril was 
associated with a reduction of microalbuminuria [median 



LDL-c 



250 i 



200 



150 - 



100 



55 - 




HDL-c 
10G Jmg/dl) 



80- 



40 



20- 



baseline comfcination 
therapy 




baseline combination 
therapy 



FIGURE 1. Changes in IDl-cbolesterol 0,001) and HDL- 
cholesterol (P « 0.024): baseline (enafaprif) to combination 
therapy (enalapni plus valsartan). 
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(IQR) 5,9 (2.4-12) at first evaluation and 1.0 (0.6-2.9) at 
second evaluation, P < 0.001]. The changes observed in (log- 
transformed) microalburoinuria remained significant and of 
the same magnitude after adjustment for LDL or blood pres- 
sure changes. 



DISCUSSION 

Several experimental studies have suggested an in- 
teraction between dyslipidemia and the angiotensin system*™* 2 
In rabbits a marked increase of ATI receptor density has been 
shown in hypercholesterolemia. 4 In humans a close relation- 
ship has been found between ATI receptor density and plasma 
LDL^holesterol and the use of statins to lower cholesterol was 
associated with ATI receptor down-regulation. 17 In this study 
we report in type 2 diabetic patients with hypertension that the 
greater inhibition of the RAS obtained with ACE inhibitors 
plus ATI receptor blockade was associated with a significant 
reduction of LDL-choIesteroI together with a reduction of 
apoprotein B and a slight though significant increase in HDLrc 
as well as the expected blood pressure lowering induced by the 
drugs. 

Some reports on animals and in man have shown a 
reduction in LDL plasma levels or in cholesterol synthesis 
with RAS inhibition^ *~ 2t> However, other studies have failed 
to find a lipid profile modification during ACE-inhibitor 
treatment 37 ^ 1 " 24 

In humans, recently, a decrease in total cholesterol and 
LDL-choiesterol was seen in 60 hypertensive patients after 
a 12^week treatment with SO mg daily valsartan, whereas 
no change in apoprotein B lipoprotein was observed 25 Pre- 
viously, significant decreases in total cholesterol, apolipoprotein B 5 
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and #pGlipoprotein A have been seen during therapy with 
valsartan when compared with captoprii in patients with type 2 
diabetes mellitus and nephropathy. 

In our study, the improved lipid profile may be a result of 
the more complete block of the RAS obtained by using both 
enalapril and valsartan. Moreover, in the control group of pa- 
tients who did not receive valsartan added to enalapril , no 
change was observed in lipid plasma levels. 

Although a close interaction between the glucose and 
lipid metabolisms is well established, in our study glucose 
metabolism was unchanged in the patients who added valsartan 
to the? previous treatment with enalapril, as indicated by similar 
Hb AI)C levels and glucose and insulin values. Moreover, similar 
body mass indices were found in these patients at the 
2 evaluations. ACE inhibitors but not angiotensin II receptor 
antagonists seem to be associated with an improvement of 
insulin resistance 53,27 ; in this study of diabetic hypertensives 
the BQMA-IR insulin resistance index was unchanged after 
the 3 months following the additional treatment with valsartan. 
In addition, changes in lipid profile were shown to be 
independent of insulin resistance and blood pressure in the 
multivariate model. Thus, it is not likely that insulin sensitivity 
could have accounted for die beneficial effects on the lipid 
profile seen in our study However, it has to be acknowledged 
that we did not investigate insulin sensitivity with more 
sensitive methods. 

Although the relative roles of ATI and AT2 receptors in 
vascular remodeling are not completely clarified, most of the 
known vascular effects of angiotensin 0 are mediated through 
ATI receptors, and their blockade has shown beneficial effects 
on atherogenesis, There is experimental evidence for an in- 
volvement of ATI receptors in the cross-talk between lipid 
metabolism and angiotensin. 2 ^ 32 The iecittn-like receptor LOX-1 
for ox-LDL is thought to participate actively in atherogenesis, 
and ATI -receptor blockade by losartan has been shown to 
decrease the enhanced LOX-I expression up-regulated by both 
angiotensin II and high-cholesterol diet in vitro and in vivo. 6 * 31 
Moreover, angiotensin II increases macrophage-mediated 
modification of LDL via a lipoxygenase-dependent pathway 
through ATI receptors, and valsartan (but not AT2 receptor 
blockade) was shown to inhibit the lipoxygenase activity and, 
subsequently, the ability of the cells to modify LDL and the 
measured monocyte chemiotaxis Thus, in this study, the 
addition of valsartan to enalapril may have affected the lipid 
profile through the ATI blockade. Moreover, in this study, the 
reduction of the renal damage expressed by microalbuminuria 
observed with valsartan remained significant after adjusting 
for blood pressure or LDL-c levels, possibly indicating a 
specific protective effect against microvascular injury as a 
result of using this drug., as already suggested by others. 33 
Alternatively, a more prolonged follow-up may be needed to 
detect a potential relationship between renal protection and 
lipid metabolism changes. 

Although not much is known about the local concen- 
tration of angiotensin 11 within the vascular wall, it has been 
suggested that locally generated angiotensin 0 may have 
autocrine and paracrine erTects. The importance of tissue ACE 
activity in the interaction between the angiotensin system and 
lipid metabolism is shown by the relative difficulty in 



inhibiting tissue ACE activity compared with serum ACE 
levels, as a higher dose of ACE inhibitor is needed in vivo for 
the inhibition of neointimal formation. 34 The changes 
observed in the lipid profile could be ascribed, at least in 
part, to the action of valsartan at the vascular wall level. 



CONCLUSION 

The modulation of the lipid metabolism observed in our 
study may depend on the greater degree of block of the RAS 
obtained by combination therapy or on a specific pharmaco- 
dynamic effect of valsartan. 
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Abstract 



Objectives: Various esfcrogen/progesiogen combinations used in hormonal repkeemem therapy (HRT) have been reported to 
influence lipid and lipoprotein fractions diflerenriy. This motivated a comparative steiy where the two continuous corebtned 
regimens most eonusociiy used in Sweden during the 1990s have been studied regarding effect on lipid profile Methods: In a 
1-year prospective, doHblesbimd study, 62 postmenopausal women were mdsmized to conjugated estrogen (CE), 0.625 mg, 
and ntedmxyprogesbraie acetate (MPA), 5 mg ( or 17&-estradSol (£2), 2 nag, and noretrmtermie acetate (NETA), 1 nig. Serum 
concentrations of lipids and lipoproteins were measured at baseline and after I year of treatment. Results: Both treatment groups 
significantly lowered &e tipoprotem(a) (Lp(a)) levels. The CE/MPA group showed ao significant changes in tocal cholesterol 
(TQ, highslensity (HDL) and low-density Apoprotein (LDL), buta significant increase of triglyceride (TG) ieveis. The E2/NKTA 
group developed ^significant bwering of total cholesterol, HDL, and LDL t but no sigmftcam changes of 1X3 levels. The rrutgaitride 
of change in serum concentrations of total cholesicroi, HDL and TG differed significantly between the two treatment groups, 
Conclusions: Continuous combined treatmem with CEfMPA and E2/NETA equaiJy towered Lp(a}« an important risk factor 
for cardiovascular disease in women Apart from this, the two treatments produced different effects cm lipids arid lipoproteins, 
findings thai are more delicate to mtcrpret. 
® 2003 Elsevier Ireland Ltd. Ail rights reserved, 
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Estrogens are known to induce beneficial effects 
on blood lipids and lipoproteins. In theory, this has 
been looked upon as factors contributing to a reduced 
risk for arteriosclerosis in postmenopausal women. 
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However, if hormonal replacement therapy (HRT) ac- 
tually protects women from cardiac death is still a 
matter of debate. In addition, the overall effect of a 
combi nation with estrogen and progestogen still needs 
to be elucidated. 

In earlier studies of lipid metabolism, it has been 
shown that both die dosage and the type of progesto- 
gen are of importance for the lipoprotein, cholesterol 
and triglyceride (TG) fractions, Mofc androgenic pro- 
gestogens like norethisterone acetate (NETA) from 
the 19-nortestosterooe group may be more prone 
to increase cholesterol fractions than derivates of 
17-hydroxyprogesterone, e.g. medroxyprogesterone 
acetate (MPA) [1-3]. Conversely, the less androgenic 
MPA may not counteract the estrogen influence on 
triglycerides [4J. Studies directly comparing combi- 
nations with MPA and NETA have, to our knowledge, 
not been done before. As continuous combined HRT 
is now the most frequently prescribed HRT it was of 
obvious interest to accomplish a comparative study 
of the two continuous combined HRTs most com- 
monly used in Sweden during the 1990s, Earlier, lipid 
changes have been investigated in trials with the two 
types of HRT separately, and some of the results axe 
described below. 

A study by Munk Jensen et aL [5], showed some 
decrease of high-density lipoprotein (HDL) with a 
continuous combination of I7|J-estradioI and norethis- 
terone acetate (E2/NETA). Furthermore, Ylikorkala 
et aL [6] have shown that E2 in combination with 
NETA decreased HDL. One study showed almost no 
counteracting effects of MPA on serum lipid changes 
induced by conjugated estrogen (CE) alone [7] T in 
a study by Lobe et a!. [7], CE and MPA increased 
HDL and TG and decreased total cholesterol (TC)» 
low^density lipoprotein (LDL) and serum lipopro- 
tein(a) (Lp(a)) £7). Finally, comparisons with studies 
using sequential HRT are hazardous since duradon as 
well as doses of the progestogens used are different. 
The effects of different estrogens have been reported 
in a meta analysis by Godsland. CE and E2 produced 
similar effects on blood lipids and lipoproteins [4]. 

The purpose of the present study was to compare 
the effects of a continuous treatment with 0.625 rng 
conjugated estrogen and 5 nig medroxyprogesterone 
acetate to 2 mg 17p-estradiol and 1 mg norethistefone 
acetate on blood lipid and lipoprotein profiles in 
post-menopausal women. 



2. Materia! and methods 

2.L Study population 

The study was carried out in five gynecological 
centers in Sweden between March 1997 and Jan- 
uary 1999. Sixty-six healthy women with climacteric 
symptoms were recruited through advertisement or 
in connection with clinical visits. The inclusion cri- 
teria were: healthy women with an intact uterus, 
aged 52 years or more and being at least 2 years 
post-menopausal (women who had never used HRT), 
To include current users T the requirement was that 
HRT should have been going on for at least 2 years. 
However, for those women a washout period of at 
least 2 months before study start was carried out. 
The exclusion criteria were: adenomatous hyperplasia 
with or without atypia, undiagnosed vaginal bleeding, 
history of cancer of any kind, active liver disease, car- 
diovascular or thromboembolic disease, uncontrolled 
hypertension, diabetes and chronic medication with 
barbiturates and antiepileptic or psychiatric drugs 
such as antidepressants or bensodiazepins. In addi- 
tion, smokers and women with a body mass index 
(BMI) above 31 kg/m 2 were excluded (three women). 
However, lipid and lipoprotein values outside the 
normal range at screening did not constitute an ex- 
clusion criterion. Finally, 62 women were included in 
the study. The use of lipid lowering agents, statines, 
or steroid hormones other than study medication was 
not permitted during the study period. 

At the screening visit, none of the women had 
taken any drug liable to interfere with lipoprotein 
metabolism (statines or diuretics) in the 3 months 
preceding this visit. All the women had normal renal 
and hepatic function before and during treatment as 
indicated by routine biochemical tests. In total, three 
women used anti-hypertension drugs (verapamil, 
feiodipin and atenolol in combinations with enalapril) 
during the study. Before taking part (screening visit), 
the women underwent a physical examination, in- 
cluding breast and gynecological examinations. A 
transvaginal ultrasonography for the determination of 
endometrial thickness (double-layer technique) and 
an endometrial biopsy (the results are presented else- 
where) was performed. In case the endometrium was 
more than 10 mm, the women were not allowed in the 
study regardless of biopsy result. In addition, blood 
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pressure, weight and height were measured. Cervical 
smear and mammography were performed in case 
results were not available for the year prior to study 
onset Blood samples for measuring plasma lipids and 
lipoproteins, kidney, liver and thyroid function were 
taken. 

2.2. Study procedure 

The effect of two different continuous combined 
regimens of HRT on blood lipids was evaluated in a 
1-year prospective, double-blind randomized parallel- 
group design. The women were daily treated with 
either conjugated estrogen 0,625 mgand medroxy^ 
progesterone acetate 5mg or l7p~estradiol 2mg and 
norethisterone acetate 1 mg, Enrollment and random- 
ization were done at the baseline visit A randomiza- 
tion list in blocks of four was computer generated by a 
statistician and kit numbers were assigned in ascend* 
ing order at each investigative visit. In order to keep 
the medication blinded, a double-dummy technique 
with dark coated blisters was used. Apoteksbolaget 
AB, Stockholm, Sweden, performed the randomiza- 
tion and blinding. Novo Nordisk, Denmark, provided 
the study medication E2/NBTA, Pharma- Vinci Med- 
ical Production, Frederiksvaerk, Denmark, produced 
the placebo tablets for E2/NBTA. The CE/MPA 
combination and the corresponding placebo tablets 
were provided by Wyeth-Ayersu Philadelphia, USA. 
Counting the study supplies at each visit assessed 
compliance. 

Adverse events and concomitant medication were 
documented at each follow*up visit (at 2 T 6 and 12 
months). Reasons for early discontinuation of the 
study medication were documented by the investi- 
gator in the clinical report form by checking one of 
the following predefined categories: adverse reaction, 
other medical event failed to return, unsatisfactory 
response-^efficacy, protocol violation, other non med- 
ical event and patient request unrelated to study. At 
the last visit (12 months) the clinical examination was 
repeated, including pelvic and breast examination, 
transvaginal ultrasonography, endometrial biopsy and 
blood pressure, Again, a mammography was made. 
Finally, a blood sample was taken for measuring 
plasma lipid and lipoprotein, and thyroid function. 

The primary outcome measure of this study was 
changes in blood lipid and lipoprotein patterns dur- 



ing long-term treatment with two different continuous 
combined HRTs. 

The study was conducted and monitored according 
to Nordic Guidelines for Good Clinical Trial Prac- 
tice (GCP). In addition, Standard Operation Proce- 
dures (SOP), defined by the sponsor, was used. The 
research protocol was approved by the Ethics commit- 
tee of each center involved and by the Swedish Medi- 
cal Product Agency following the rules of the Revised 
Declaration of Helsinki (Hong Kong, 1989). 

23, Lipid assays 

Blood samples from the antecubitai vein were 
obtained under fasting conditions (minimum 12 h 
overnight) to determine plasma lipid and lipoprotein 
levels. From the same samples kidney, liver and thy- 
roid functions were assessed. Within a half to one 
hour, the biood was centrifuged at 3GG0 revolutions 
per minute for 10 min. The fresh serum samples were 
analyzed consecutively within 24 h at one central 
laboratory, Nova Medical CALAB Clinical Trials 
Central, St Gorans Hospital, Stockholm, Sweden, 
and the laboratory procedures fulfilled all criteria for 
Good Laboratory Practice. Laboratory personnel were 
blinded to treatment regimen. Normal values from 
CALAB are presented in Table 2. 

Levels of total cholesterol were measured by an 
enzymatic photometric test using cholesterol oxi- 
dase and peroxidase [8,9], and the interassay co- 
efficient of variation was U9%. Triglyceride levels 
were assayed by a colorimetric enzymatic test using 
giycerol^-phosphateoxidase [10], and the coefficient 
of variation was 3.5%. Concentrations of HDL choles- 
terol was determined by a direct enzymatic method 
[H] atid the concentration of LDL cholesterol was 
calculated according to the method of Friedewald 
et a!. El 2] with an interassay coefficient of variation 
of 4.7%, Lp{a) concentrations were measured by an 
immunoturbidimetric analysis [13] with an interassay 
coefficient of variation of 8.8%. 

2,4. Statistical methods 

Conventional descriptive statistics are presented- 
When normality of data could not be rejected accord- 
ing to a Kolmogorov-Smimov test, one-sample paired 
and two independent samples f-tests were used to 
analyze the within patient group changes and between 
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groups comparisons. When a Kolmogorov-Smirnov 
test yielded statistical significance (indicating 
non-normality of data) Wilcoxon type non-parametric 
tests were used. In transition matrices (four field 
tables), the McNerrtar test was used for analysis of 
changes within groups of lipid values fFom normal to 
above normal values (or vice versa). If the expected 
frequency of changes was too small (<5), a binomial 
test was used [14], Exploratory, multivariate stepwise 
backward linear regression analyses have been per- 
formed on changes of lipids. The predictors were as 
follows: baseline lipid levels, age, BMI, diastolic and 
systolic blood pressure, height, weight, years from 
last menstruation, and the indicator variables (0/1), 
treatment, 

The mass-significance problem has been assessed 
using Eklund's rule [15]. The standard statistical 
computer program Statistical Package for the Social 
Sciences (SPSS), version 1 L0 was used for data han- 
dling and analyses. A P-value <0X)5 was considered 
significant 



3* Results 

3.L Baseline characteristics 

A total of 62 women were included in the study 
and the number of women included at the five centers 
was between 7 and 26. Of these, 47 completed the 
study ("completers") and 15 dropped out ("dropouts"), 
6 mainly due to bleeding problems. Other reasons 
were headache (n = 2), abdominal pain (n = 2), 
afraid to use HRT (n = i), constipation/breast ten- 
derness (n = i) t depression (n » i) t upper respi- 



ratory infection (n I) and palpitations (h as 1), 
Between completers and dropouts there were no sta- 
tistically significant differences in demographic data 
{Table 1) or baseline lipids tests. However, dropouts 
had significantly higher TSH concentrations compared 
to completers (2 .4 ± 033 mU/1 versus L7±0.16mU/l, 
P<0.05). 

When comparing the two treatment groups, there 
were no statistically significant differences of mean 
baseline characteristics what so ever (Table 1). 
Twenty-seven women (51 A%) had not been using 
HRT prior to the study. 

5.2. Laboratory tests of thyroid function 

Baseline values for thyroid function did not differ 
between the treatment groups (Table 2). After 1 year, 
the mean TSH levels were higher in the E2/NETA 
group than in the CE/MPA group (2.03 ± 0T9mU/l 
versus L31 ± 0.19 mU/L; P < 0.001), however, 
well below the upper limit for normal values. Serum 
TSH increased in the E2/NETA group and decreased 
in the CE/MPA group (0.19 ± 0.131 mU/I versus 
-0.22 ± QJ54 mU/1 (Table 2), although, the differ- 
ence of change was not significant. At baseline, one 
woman in the CE/MPA group had a TSH value 48% 
above the normal reference range. This normalized 
after 1 year of treatment. 

3 J. Changes in blood lipid levels and comparisons 
between treatment groups 

According to tests of normality, data on changes of 
triglycerides* LDL, and Lp(a) concentrations deviated 
significantly from normality. Baseline lipid levels did 



Baseline characteristics (meaa ± $£M,} of women treated wife conjugated essrogea aad medroxyprogesterone acetate (CE/MPA) or 
17fi-cstradioj and noreth me roae ace&te (E2/NET A) and who completed the whole study, and the women who dropped out from tfc study 

C£WA {n m 23) E2/NBTA {n = 24) Drop outs (n 15) 

Age (years) 55.S ± 5S.I ± 0.6 57.S db U 

Titm since menopause (years) 4.4 ± 05 4.7 ± 0J 5.4 ± 0.9 

M| y 2.0 ± 02 K*> ± 0.3 2.1 ± 03 

Systolic blood pressure (mmHg} 131 ±3 134 ± 3 136 ± 3 

Diastolic blood pressure (mmHg) 75 ± 2 n ±2 79 ± 2 

SMI {kg/m 3 ) 25.3 ± 0.5 25.S ± 0.7 25,7 ± Q.9 

Etsdomqtriail ffcickaess (mm) 33 ± 0,4 2.9 ± 02 3.2 ± 0.4 
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Lipid, and thyroid va&es (meaa ± S.B,M) at basefcae {8} and at find 
medroxyprogesterone acetate {CE/MPA} or i7£-e$£fadioi and noreitasierGne 
used are shown 



visit (F) for women treated with conjugated estrogen and 
acetate (E2/NETA), Normal ranges defined by the laboratory 



Visit 



Normal range 



S-Cholcsterol (ramol/1) 


B 


<6.S 


S-Cholesterol (mmoi/I) 


F 


S-Triglycerides (mmol/!) 


B 




S-Triglycerides (mmoi/) 


F 






B 


<0.30 


S-Lp<a) (gtf) 


F 




S HDL {mmol/1) 


B 


>J.15 


S HDL (mmeyi) 


F 




S IOL (mtnol/l) 


B 


<5.0 


S-LDL (mmol/1) 


F 


S-T4, free (pmo!/t) 


B 


12-25 


S T4, free (pmoi/1) 


F 


S-TSH (mUfl) 


B 


0.20-5.00 


S-TSH (mU/1) 


F 



v-.lv . »i r.*\ i^fi — *■ J/ 


ci/Nb I A {h = 24) 


Mean ± S.E.M. 


Mean ± S.E M, 


6j ± on 


6.5 ± 0.23 


6 \ ± 02\ 


5.9 ± 0J7 


1,1 ±0.10 


I.2 ±0.13 


U ±0.13 


U ± 0,07 


0,20 ± 0.04 


0,30 db 0,06 


0.13 ± 0.03 


0.20 ± 0.04 


1-7 ±0.09 


1.8 ± 0.07 


1.7 ±0.07 


1.6 ± 0.06 


3.9 ± 0 18 


4.1 db 0.25 


3.8 ± 0.20 


3.6 ± 0.19 


16 ± 0.40 


!6 ± 0.39 


16 ± 039 


16 ± 032 


1.6 ±0.29 


rs ± o.t6 


1,3 ± 0.19 


2,0 ± 0,19 



not differ between the treatment groups (Table 2). The 
changes in lipid and lipoprotein profiles during 1 year 
of treatment are shown in Fig, 1. 

Total cholesterol did not change significantly in 
the CE/MPA treatment group (0.01 ± 0.14 mmol/1), 
whereas within the E2/NETA group TC decreased sig- 
nificantly {-0.64 dt 0,15 mmoi/l, P < 0.001). Hie 
difference in change between groups was significant 
(P< 0.005). 

Mean levels of HDL did not change signifi- 
cantly within the CE/MPA group, whereas a sig- 
nificant decrease (P < 0.001) was seen in the 
E2/KETA group. The difference in change between 
groups was significant (-0.01 ± 0.04mmoi/i versus 
-0.18 ±0,04 nunolfl, P<0.0I), 

LDL was significantly lowered within the E2/NETA 
group (p < 0,025) whereas no significant change 
could be seen in the CE/MPA group. When the change 
in the whole study group was analyzed together there 
was a significant decrease in LDL levels after I year 
of HRT (-0,31 ±0,I5mmoi/l t P < 0,05), 

There was a significant increase of TG within 
the CE/MPA group (F < 0.001), whereas in the 
B2/NETA group no significant change was seen. 
The difference in change between the two treatment 



groups was significant (0.27 ± 0.07 mmol/l versus 
-0.12 ± 0,1 lmmol/I, P< 0,005). 

Compared to baseline, there was a significant 
decrease in Lp(a) levels in both treatment groups 
(CE/MPA: -0.07 ± 0.02 g/l, P < 0.005 versus 
E2/NETA: -0.10 ± 0.04 g/l, P < 0.001). However, 
the difference in change between the two treatment 
groups was not significant (Fig. 1). 

Fig. 1 presents the lvalues from 15 significance 
tests of which eight were significant on at least the 5% 
leveL According to Ekltmd's rule [15] the results pre- 
sented are significant on at least a mass-significance 
level of 2%. The analyses have been performed and re- 
sults are presented according to the Per-Protocol (PP) 
principle due to the fact that complementary analy- 
ses according to the Intention-To-Treat principle (ITT, 
using last observation carried forward) did not signif- 
icantly change the results found 

3 A. Multivariate regression analyses 

Treatment and a number of possible predictors 
for change in blood lipids were used (see Statistical 
methods). The baseline lipid levels were negatively 
correlated to the change of all lipids in the regression 
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Changes in serum lipid fractions after 
one year of treatment 



O.Si 




P<0.003 fx0,006 NS p<0.002 NS 



M Choi. HDL BLDL^TG SEBLp(a)CE+MPA 
»■ Choi. HDL [HTDLDL^TG ^Lp(a) E2+NETA 

Fig, L Mean ±S.E.M. for changes from baseline of serum lipid aad lipoprotein fractions after 1 year of treatment Choi: total 
cholesterol (mmoJ/l); HDL: high-density lipoprotein (mrootfl); LDL: low^density lipoprotein (mrnol/1); TG: triglyceride (ranol/I); and 
Lp(a): tipoproteiu(a) (gfly In the pair of bars, the left bars indicate daily treatment with 0.625 mg conjugated estrogen aad 5mg 
medroxyprogesterone acetate, (CE/MPA; * ~ 23), and the right bars treatarent with Zmg H^esfradiol add 1 mg norethisteroEe acetate 
(E2/NETA; n = 24). F-values at the bottom of toe graph show differences of change between the treatment groups, Sigai6carat changes 
from baseline withia the groups are indicated *P < 0,05, **P < 0.005, *** P < 0.001, at each bar. 



analyses (P < 0.001 in all tests) indicating thai high 
baseline levels yielded a greater decrease in lipids 
than low baseline levels. Therefore, the multiple lin- 
ear regression analyses were performed using change 
of concentration between baseline value and 1-year 
value (delta value = final value - baseline value). 
Treatment was a significant predictor for the change 
of TC (P < 0.005), HDL (P < 0.005), and TG 



(P < 0,005) concentrations. After adjustment for the 
baseline lipid levels and other predictors, the decrease 
in TC, HDL and TG levels in the E2/NETA group 
was significantly larger than in the CE/MPA group. 

Age was positively correlated to change in TG level s 
(P < 0,01), indicating that older women, compared to 
younger, had a more pronounced increase in TG levels 
during the study (Table 3). 



Rcsdts from backward stepwise linear regression analyses on changes of lipid and lipoprotein concentrations after I year of treatment 



Dependent variable 


Predictors 


Coefficient ± S.EM. 




/>< 


& 


Delta TC 


Treatment (0/1) 


~0.56 £ 0.1 84 


-3.05 


0.005 






BL, Height 


-0.03 ± 0.0t7 


-1.98 


0,05 






BL, TC (mmol/l} 


~0.34 ± 0.090 


-ISO 


0.001 


0.42 


Delta HDL 


Treatment (0/1) 


-0.15 ± 0.050 


-2.97 


0,005 




Delta LDL 


BL, HDL (nraolfl) 


-0.29 ± 0-068 




0.001 


0.40 


BL, LDL {mirsol/f) 


-0.59 ± 0.1 IS 


-5.02 


0.OOJ 


0.36 


Delta TG 


Treatment (0/1) 


-0.31 ±0.104 




0.005 






BU Age 


0.05 i 0.01 S 




0.01 






BL TG (mmm) 


-047 ± 0.093 


-5.09 


0.001 


0.52 


Delta Lp<a) 


BL Lp(a) <gfl) 


-0.52 ± 0.068 


-7.67 


0,001 


0.57 



the delta valuer are complied 55 final value minus baseltae value (BL). TC: Total cholesterol; HDL; high-deasity lipoprotein; LDL: 
tow-density lipoprotein TG; triglycerides; and Lp(a>: lipoprotein(a). Treatment is coded 0: CE/MPA and I: E2/NETA. Coefficient: partial 
rcgressioa ooeMdeots with standard error; S.EM.: standard erron t: Student's r, R 2 : coefficient of multiple deu^niinatioo. 
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3.5. Transition of lipid values 

The transition of serum values in and out of the 
normal range was investigated for ail lipid parame- 
ters. Only total serum cholesterol showed a significant 
difference in transition frequency between the treat- 
ments. In the CE/MPA group at baseline 16 women 
were within normal values and ? above, After 1 year 
of treatment, 15 women were within normal and S 
above, of which 3 came from the normal baseline 
group and 5 were still above the normal baseline. Two 
women had their values normalized. At baseline, in 
the E2/NETA group, 13 women were within the nor- 
mal range and 1 1 above. After 1 year, 19 women were 
normal and 5 above, whereas 6 women had shifted 
from increased levels to normal The change in to- 
tal cholesterol was significant within the E2/NETA 
group (P < 0.05). During the whole study period, one 
woman reported a serious adverse event: surgery be- 
hind the nose/conchotomized bilaterally. No case of 
thrombosis was reported. 



4. Discussion 

The major finding of the present study was that 
after 1 year of HRT significant differences in total 
cholesterol, HDL and triglycerides were found in 
women treated with conjugated estrogens and MPA 
compared to 17p-e$tradiol and NETA, However, a 
more significant finding was that both treatments 
effectively reduced Lp(a) f which is regarded as an im- 
portant risk factor for coronary heart disease (CHD) 
in women. As a matter of fact, the effects of HRT 
on coronary heart disease in post- menopausal women 
have, during the last decade, been a matter of debate. 
Epidemiological data suggest that HRT is associated 
with a reduction of CHD risk [161 On the other hand t 
a significantly increased risk was noted in a recently 
published large, randomized, placebo controlled trial 
[17]. One reason for a negative impact on CHD risk 
might, however, be that other adverse haemostatic or 
vascular effects of HRT, such as the increased risk 
for thromboembolism overshadows the beneficial ef- 
fects obtained by a change in lipid and lipoprotein 
levels. In addition* secondary prevention of myocar- 
dial infarction with HRT has not been successful 
either [18]. 



Albeit clinical data are inconsistent at the moment* 
results concerning individual risk factors are still of 
interest. In the present study, there was no change 
in HDL values after i year compared to baseline in 
the CE/MFA group. In contrast, HDL decreased in 
the E2/NETA group after one year of treatment, and 
this finding is at odds with previous studies [5,19]. 
Low levels of HDL-choiesterol in combination with 
high levels of TO seems to be a predictor for car- 
diovascular disease in women over 50 years of age 
(20,21]. In the present study, however, no women dis- 
played low HDL levels in combination with high TG 
levels. 

The incidence of CHD increases after menopause. 
National Cholesterol Education Program Adult Treat- 
ment Panel II (NHANE5) has shown that total 
and LDL-choIesterol is accelerated in women after 
menopause [22], Several clinical trials have shown 
that reducing LDL concentrations lowers the morbid- 
ity and mortality from coronary heart disease [22], 
The most powerful agent that can reduce LDL levels 
is estrogen [23-25]. In the present study, a reduction 
of LDL was found in both treatment groups, but the 
change did not reach statistical significance in the 
CE/MPA group. 

The changes in lipoproteins due to HRT are dis- 
cussed in a review article [26]. It has been shown 
earlier that unopposed estrogen reduces LDL and in- 
creases HDL and TG levels in women with normal 
lipid levels. The reduction of LDL was confirmed 
in the present study, although only in the E2/NETA 
group. Compared to previous studies on cyclical HRT t 
continuous combined treatment was equally efficient 
in this respect [21]. Estrogens are known to reduce 
the synthesis of Lp(a) [27]. Independently of lipid 
changes, Lp(a) is regarded as a strong predictor for 
cardiovascular disease [3,28]> It has also been shown 
that the concentrations of Lp(a) are not influenced by 
external factors, such as exercise and dietary habits 
[29]. However, data from previous studies on effects of 
HRT on Lp(a) levels are inconclusive, Stadberg et al. 
[30] reported no significant effect on Lp{a) with 2 mg 
E2 and I mg NETA [30]. Others have shown that con- 
comitant administration of MFA does not adversely 
affect an estrogen-induced reduction of Lp(a) con- 
centrations in postmenopausal women [7]. We have 
shown that both treatment regimens reduce the Lp(a) 
concentrations. 
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There are limitations to the present study. When 
planning the study, 25 women in each treatment group 
was regarded as sufficient since that number is usu- 
ally enough for studies on lipid effects. However, a 
post hoc power analysts on the found differences and 
standard deviations of differences in lipids between 
groups revealed that power was too low (<80%) 
concerning LDL and Lp(a). Thus, true differences 
between treatment effects that could have been seen 
in larger samples, might have been missed. Neverthe- 
less, a significant reduction in LDL levels was seen 
in the E2/NETA group, and a significant reduction in 
Lp(a) levels in both groups, Another weakness is the 
drop out frequency, which was larger than expected, 
in the present study. However, the reasons for dropout 
{mainly bleeding problems) and the fact that there 
were no significant differences in baseline lipid values 
between completers and dropouts makes it hard to be- 
lieve that the dropouts shouid have altered the results 
found. 

These two continuous combined HRTs contain 
.different types of estrogens (0.625 mg of CE and 
2 rng micronized E2 respectively) but these doses are 
regarded as equipotent in their biological activity, at 
least in the endometrium {2,31]- Furthermore, simitar 
effects of CE and E2 on plasma lipoproteins have 
been demonstrated earlier [32]. 

In addition to different estrogens, the two combi- 
nations used in our study also contained two different 
progestogens, namely MPA and NETA. To our knowl- 
edge, comparative studies of the effects on lipids and 
lipoproteins by 5 mg of MPA and 1 mg of NETA 
have not been performed before. It is not known if 
these two doses are equipotent in this respect. Earlier, 
high levels of TG in women treated with CE/MPA 
have been reported [7]. However, the TG increase 
was smallest in the group treated with continuous CE 
0,625 mg/MPA 5 mg compared to lower continuous 
doses of MPA (2.5 mg) 7 sequential MPA (5 and 10 mg) 
and CE regimen alone [11 Estrogen alone tends to in- 
crease the concentrations of TG while progestogens, 
especially derivates of l9-norte$tosterone, a more an- 
drogenic progestin, have been reported to reduce the 
TG levels [33 j. In the three large randomized studies, 
WHL HERS and PEPL 2,5 mg MPA and 0.625 mg 
daily were administered [17, 15*24], a combination 
frequently used in North America. The reason to use 
5 mg MPA in the present study was and still is that, 



2.5 mg MPA in combination with CE is not registered 
in Sweden. These clinical trials (WHI, HERS and 
PEPI) showed a decrease in total cholesterol and LDL, 
and an increase TG and HDL after 1 year of treat- 
ment. The increase in HDL levels during CE/MPA 
treatment could not be confirmed in the present sEudy. 
A feasible explanation might be that the MPA dose 
used by us was higher. However, when combinations 
with 2.5 and 5mg MPA were directly compared, no 
difference in HDL concentrations was noted [7]. 

Apart from dose differences, other factors might 
influence effects of HRT on lipids and lipoproteins. 
A recently published study comparing effects of HRT 
on lipids and lipoproteins in rive European countries 
has reported national differences in cholesterol, HDL 
and Lp{a). A majority of the women in the study were 
treated with transdermal E2/NETA [34], Conclusions 
from studies of lipids and lipoprotein metabolism 
during HRT cannot therefore be generalized to all 
populations. 

There is evidence that HRT could affect thyroid 
function in post- menopausal women, and impaired 
thyroid function is known to affect lipid and lipopro- 
tein profiles in a negative respect [35]. In the present 
study, treatment with E2/NETA reduced levels of HDL 
and possibly the elevation of TSH in this group could 
have contributed to this effect. However, this is less 
likely since both LDL and Lp(a) were reduced by 
E2/NETA treatment Also, the levels of TSH were wel! 
below the normal range. 

Due to the complexity of the interrelationships 
between the different lipid factors it is extremely 
difficult to interpret changes in lipid and lipoprotein 
concentrations during HRT and relate them to other 
risk factors for cardiovascular disease. The multiple 
regression analysis in the present study revealed no 
association between baseline body mass index or 
blood pressure and changes in lipoprotein levels. It 
has been suggested, that the addition of a progesto- 
gen to the estrogen treatment does not counteract the 
beneficial effects on lipoproteins in post-menopausal 
women [3 J]. However, the clinical relevance of this 
has been questioned after a recently published clin- 
ical trial [17]. The results from the present study 
show some differences between the two treatment 
groups. After 1 year of HRT significant differences 
between the two treatment groups regarding TC, HDL 
and TG were found. The CE/MPA group showed 
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intermediate changes in lipid profiles and the EU 
NBTA group exhibited greater changes. 

At first site, the E2/NETA combination seems to 
be more beneficial regarding effects on lipid profile, 
Especially women with elevated lipid or lipoprotein 
levels before treatment might benefit more from this 
combination compared to the CE/MPA treatment. 
However, the single most important effect is probably 
the reduction of Lp(a), which was seen in both treat- 
ment groups. A finding that further complicates the 
interpretation of these data was the reduction of HDL 
seen in the E2/NETA group exclusively. Obviously, 
further research is needed concerning the effects on 
lipids of HRT, and (above all) clinical studies com- 
paring effects on CHD with different preparations. 

We conclude, that for the time being, none of the 
HRT combinations compared in this study should be 
recommended above the other (to women in general). 
In some cases though, an individualized choice of 
combination might be preferred based on the results 
of the study. 
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Abstract 



^t^r^ t M imP0!^ta^t, feCt ° r fof athefosctcrasis - Hetawheologlcai factors contribute u> modify awl mortality in patients 
wth (fyslqMdcma. We evaluated the effects of 3 antihyperlipidemic dwgs (pravastatin, atorvastatin, and fenofibrate), which have different 

^TTf^T ** » dif ? rClrt Patte ™ S ° f aCC '° n °" lipid pr0files ' 0n «**"«yte deforroability and fibrinogen levels n patterns with 
type Ha and type lib hyper yutemia. Twenty-*™ patients ( 4 men and 17 women) with type [k and lib hyperhptdemia were randomijed to 
a owgs (pravastatin *0 mg/d, atorvastatin 10 mg/d, fenofibrate 250 mg/d) for g weeks. Plasma giucose, total cholesterol, triglyceride high- 
wZ^T^T m tCT t ! (HDL ^ ) ' Wd '^^'V ^in cholesterol (LDL-C) analysis were performed on a BM-Wtachi 
Ivf™ ^ ^J"****- Tok ?°> ,a P*>)- Fibrin analysis was performed according to Ctaua method. Erythrocyte 
tZTS?* T ^ S T- M an3!ySiS <kv "*- 1 ^ w « -» «V»m«« *fe«Ji body mass mdex, lipid profile, fibrinogen 

*Z rfcl, ^tr^ !"*» values amon « «««» b^e -recent > 05). in ,11 groups, there were statistic^ 

r J > ml* t ,?J " PnVaStit i n ^ (P > m ^ 00 si ^ fieam chan ^ in treatment with 

taZ»T« »h * ,T 3 if 'S^' mCT£aSC in ** fenofl,)rate PO-P C < -OS) Mean erythrocyte deforatability index ra 

ZSi^/P > ^fTf ( r %f ^ ^ T n ° chMe * * flb ™^ n !e ^ s the mm of pravastatin and 

atorvastatin {P > ,05), but in fenofibrate group, fibrinogen levels were significantly decreased (P < 05) 

h™Ifi™t f T~ ° f ^^''P^ have *«wfiei«l effects on the erythrocyte defortmbility index. Only fenofibrate has significant 

octieticu*! effects on the fibrinogen levels. 

O 2005 Bfsevier inc. AH rights n?«Tmi. 



1- Introduction 

Hyperlipidemia is an important risk factor for atheroscle- 
rosis []]. Epidemiological and clinical studies indicate that 
hyperlipidemia is associated with alterations m hemostatic 
and hemcrhcoiogical factors [2,3 j. Hemorheaiogieal factor 
such as blood viscosity, pla:eie£ activation state, and 
erythrocyte defcrmabitity contribute to morbidity aud 

* Cc^oondm^ a^her. Tel: +90 232 A 1 2 }1 42; fax +90 2M 17$ 
22 67. 

£+/nai? add**ss; comi«tC!@dek)^du,& (A. Comiekct). 

0026-049S/S - 5^ fknt natter O 200S eisevinr inc. AU ngkfe rsscrv^. 
«&i ; i 0. 1 0 1 4 ; ] . r^etabol , 2004 J 2 A\ 2 



mortality m patterns with dysiipidemk [4-?]. Erythrocyte 
deformation is an important regulatory factor of microcircu- 
lation [8j, Erythrocyte deformability deteriorates in patients 
with hyperlipidemia (3,9]. There are somt reports thai 
aatihyperhpidctmc treatment may improve erythrocyte 
de&nri&hiiity [943]. Although the effects of antihyperlipi- 
d&rdc drjgs are well known, there is no cotscensus abcai the 
effects of these dnigs on hemorheologkai pamrncten; 
[14*16]. In one st\Kiy, pravastatin was reported to Signifi- 
cantly decease plasma fibrinogen levels and ptasma 
viscosity, but did not significantly change whole blood 
rh&oiogy m patients with familial hypercholesterolemia {9\ 
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In another study, lovastarin treatment decreased plasma 
viscosity and red cell aggregation, but did net change plasma 
fibrinogen level significantly [2]. Furthermore, Beige! et al 
[17] reported improvement in red blood celt filterability with 
an increase in fibrinogen levels with lovastatin treatment. As 
with the previous statins, there is also no consensus about the 
effect of atorvastatin [13,18], 

The fibrate group is one of the oldest nonstatin rnedi- 
cations for hyperlipidemia. Fibrates are normolipidemic 
drugs that decrease triglyceride and increase HDL concen- 
trations in human beings. Fibrates are efficient drugs for 
the treatment of specific atherogenic lipid disorders, such 
as combined hyperlipidemia and hypoalphalipopro- 
teinemia [19]. 

In this study, we compared the effects of 3 antihyperlipi- 
demic drugs (pravastatin, atorvastatin, and fencfibrate) that 
have different mechanisms of action and different patterns 
of action on lipid profiles, on erythrocyte deformabiiity, and 
on fibrinogen levels in patients with type Ila and type fib 
hyperlipidemia. 

2. Materials and methods 

2 J. Patients 

Twenty-one patients (4 men and 17 women; mean age, 
51/7 ± 9 J .years) with type Ila (isolated hypercholesterol- 
emia, LDL-C > 160 mg/dL and triglycerides <200 mg/dL) 
and type lib (mixed hyperlipidemia, LDL-C > 160 mg/dL 
and triglycerides >200 mg/dL) hyperlipidemia were 
recruited and randomized to 3 groups. In each group, there 
were 7 age- and sex -matched patients. Groups A, B, and 
C were treated by pravastatin 20 mg/d, atorvastatin 10 mg/d, 
and fenorlbrate 250 mg/d for 8 weeks, respectively None of 
the patients had diabetes, renal failure, or myocardial 
infarction. Patients with endocrine, liver, hepatic, thyroid, 
and renal disorders, body mass index (BMI) of less than 
30 kg/m 2 , and alcohol abuse were excluded. Drugs with a 
known or potential effect on lipid Ieve!s or hemorheological 
parameters (/^blockers, thiazide, corticosteroids, estrogens, 
and aspirin) were not allowed during the study period. 
Informed consent was obtained from each subject before 
the study. 



Table 1 

Baseline »ad pogitreatnaeat levels of lipid and herno^txilogical parameters 

Pravastatin (meait ± SE) 





Pretreatment 


Posttreatment 


N 

Male/female 


7 




7 

1/6 




BU\ (kg/m 3 ) 


24.8 ± 


2.2 


23,9 


± 2-3 


Total cholesterol (mg/dL) 


27J ± 


45* 


262 


± 26* 


LDL-C (mg/dL) 


186 t 


36* 


141 


± 35* 


HDL-C (mg/dL) 


59 ± 


15 


61 


± 12 


Triglyceride (mg/dL) 


144 ± 


77 


109 


± 50 


Fibrinogen (g/dL) 


3.65 ± 


0.75 


4.26 


± 0-74 


Erythnscyte defbrma&lity (ms/cdil) 


3,07 ± 


0.16* 


2.70 


± 0.26* 



2.2. Methods 

Weight and height were measured in light clothing without 
shoes. Body mass index was calculated as weight divided by 
height squared (kilograms per meter squared). The blood 
analysis was performed between S;00 and 9:00 am after 
1 2 hours of fasting. 

To maximize uniformity of diets and lifestyle habits, 
patients had dietary stabilization 6 weeks before the drug 
administration after counseling by a dietitian on the National 
Cholesterol Education Program Step I diet. 

Plasma glucose, total cholesterol, triglyceride, and 
HDL-C, aspartate aminotransferase, alanine aminotrans- 
ferase creatinine kinase, and lactate dehydrogenase levels 
were measured using SIGMA en2ymatic kits (Sigma Diag- 
nostics, Taufkirchen, Germany) in a BM-Hitachi 747-200 
autoanalyzer (Hitachi-Roche, Tokyo, Japan). Low-density 
lipoprotein cholesterol was calculated by the Fnedwald 
equation, except in patients with triglyceride levels higher 
than 400 mg/dL. Low-density lipoprotein cholesterol levels 
in patients with triglyceride levels higher than 400 mg/dL 
were measured using a bioMerieux Diagnostic (Lyon, 
France) LDL-C kit in a BM-Httachi 747-200 autoanalyzer 

Fibrinogen analysis was performed according to the 
Clauss method [2GJ. 

Venous blood samples anticoagulated with heparin were 
analyzed to assess whole erythrocyte deformabiiity within 30 
minutes of sampling. Erythrocyte deformabiiity was assessed 
by a cell transit analysis device. Erythrocyte deformabiiity 
was : assayed by measuring the erythrocyte filtration rate at 
which a 20% suspension of washed erythrocytes passed 
through nucleopore polycarbonate membrane with a 15-rnm 
diameter and a pore of 5-/<m filter [21-23]. 

Statistical tests were performed using a commercial 
software package (SPSS 8.0). Nonparametric tests (Mann- 
Whitney U test and Wilcoxon signed rank test) were used. 

3. Results 

3.L Baseline parameters 

In each group, there were sex- and age-matched 
7 patients. As shown in the Table 1, there was no significant 



Alotvasta&i (mean ± SE) Fenofibratc (mean ± SE) 



Pretreatment 


Pcsttreatmertf 


Pre&eafcmefit 


Posttreatment 


7 


7 


7 


7 


2/5 


2/5 


1/6 


1/6 


25,9 ± 5.5 


25.1 t J .4 


25,6 ± 1.9 


25 J ± 2.0 


262 ± 26* 


187 t 32* 


251 ± 37* 


225 ± 45* 


174 ± 30* 


104 ± 20* 


172 ± 32* 


140 ± 35* 


SI ± 3 


56 ± 9 


44 ± 14* 


60 ± 16* 


189 ± 94* 


151 ± 78* 


17S t 95* 


123 t 66* 


3.38 t $M 


3.39 ± 0.51 


3,31 ± 0.60* 


3.19 + 0.62* 


2.93 ± 0.22* 


2,58 ± 0.12* 


3.02 ±0.15* 


2.62 ±0A4* 
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Pravastatin Atorvastatin Fenofibrate 



■I Total Ctioissterd 

■I LDL-Chotesteiel 
■i HDL-Chctestefoi 

Triglyceride 
Bp Fibrinogen 
CHI E. defermabrllty 



Fig. I. Change in hpid and hemorheologieat parameters in all groups during 
the S-week treatment period. 



difference in BM1, lipid profile, fibrinogen level, and 
erythrocyte deformability index values among these 
3 groups before treatment (P > .05). 

3.2. Change in lipid parameters 

As shown in the Table 1 and Fig, I , in all groups, there 
were statistically significant reductions in total cholesterol 
and LDL-C levels (P < .05). The most prominent total 
cholesterol- and LDL-Olowering effect (28.6%, 40.2%) 
was measured after atorvastatin treatment. The triglyceride 
levels were significantly reduced in atorvastatin (20. 1%) and 
fenofibrate groups (31%) (P < .05), but not in pravastatin 
group (18.2%) (P > .05), There was no significant change in 
HDL-C levels during the treatment with statins (pravastatin 
[+3 J8%] and atorvastatin [+9,8%]; P > .05), but there was a 
significant increase in fenofibrate group (+36.4%) (P < .05). 

3.3. Change in kemorheoioglcal parameters 

As shown in Fig. 1, the erythrocyte deformability index 
was improved in all groups in the posttreatmcnt period (P < 
.05). There was no significant difference in the degree of 
erythrocyte deformability index improvement among these 
3 groups (P > ,05), 

There was no significant change in fibrinogen levels 
during the treatment of atorvastatin and pravastatin group 
patients (P > .05). However, in fenofibrate group, fibrinogen 
levels were reduced significantly (P < .05)- 



4. Discussion 

Our study revealed that hyperlipiderma treatment 
improves not only the lipid profile but also the hemorheo- 
logical parameters. 

In agreement with previous studies, patients receiving 
statin drugs had decreased total cholesterol and LDL-C levels 
[24]. The most prominent cholesterol-towering efTect was 



among patients administered atorvastatin [25]. Atorvastatin is 
a new generation 3~hydroxy-3-methylglutaxyI coenzyme A 
(HMG-CoA) inhibitor of which metabolites stay longer in 
plasma and inhibit HMG-CoA reductase longer than the other 
statins (26]. 

Although pravastatin had no significant triglyceride- 
lowering effect, atorvastatin and fenofibrate had significant 
triglyceride*lowering effect Atorvastatin has been shown to 
inhibit very low density lipoprotein (VLDL) secretion by 
limiting the availability of free cholesterol or choiesteryl 
esters for lipoprotein assembly, and it stimulates LDL 
receptors so the catabolism of VLDL and intermediate 
density lipoprotein increases. By these mechanisms, HMG- 
CoA reductase inhibitors lower triglyceride levels [25,26], 
Fenofibrate administration significantly lowers both choles- 
terol and triglyceride levels. However, the most prominent 
effects with fenofibrate treatment were on triglyceride- 
lowering and HDL*increasing effects -31% and +36.4%, 
respectively. It is estimated that both enhanced cataboli&m 
of triglyceride-rich particles and reduced secretion of VLDL 
underlie the hypotriglyceridemic effect of flbrates [27-29]. 
Fibrates activate specific transcriptional factors belonging to 
the nuclear receptor superfamily, termed peroxisome pro- 
liferator-activated receptors (PPARs) [30). The PPAR-oc 
form mediates fibrate action on HDL-C levels via transcrip- 
tional induction of synthesis of the major HDL apolipopro- 
terns, apoA-I and apoA-IL Previous reports revealed that 
flbrates increase HDL levels by approximately 1 5% to 25% 
[19,28,30]. However, in our study, we found 36.4% increase 
in HDL levels. These differences may result from the use of 
a limited number of fenofibrate-treated patients in our study. 
This finding has to be repeated in studies with greater 
numbers of patients. Although statins decrease all subtypes 
of LDL, flbrates mainly do not affect total LDL levels; they 
rather induce a shift in the LDL subtype distribution [31]. 
With these mechanisms, flbrates have beneficial effect on 
coronary artery disease [31]. 

In al! groups, erythrocyte deformability was increased 
after administration of antihyperlipidemic drugs. In previous 
preliminary reports, erythrocyte deformability has been 
shown to increase not only with decreases in plasma cho- 
lesterol levels, but also with a decrease in plasma triglyceride 
levels [10,32-35]. Decrease in plasma cholesterol level was 
considered to be involved m the improvement of erythrocyte 
rheoiogical properties by changing erythrocyte membrane 
phospholipid composition and phosphatidylcholine concen- 
tration [10,3336,37]- Moreover, high plasma triglycerides 
could modulate the entry of cholesterol into platelets and thus 
decrease the free cholesterol-phospholipids ratio. The eryth- 
rocyte activities of various Na* or fC + transport systems, 
including the Na + *K + adenosine triphosphatase, the Na + 
leak, the Na*~K* cotransport, and the Na^-Li* countertran- 
sport, have also been shown to change with the plasma 
triglycerides level [12,3338]. In our study, we could not find 
any significant difference in improvement of erythrocyte 
deformability index among patients treated with pravastatin, 
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atorvastatin, and fenofibrate. However, fenofibrate has an 
additional beneficial effect on fibrinogen levels that other 
agents do not have. Serum fibrinogen is directly correlated 
with plasma viscosity [6], which is also a cardiovascular risk 
factor [39]. As previously mentioned, fibrates exert ihetr 
major effects via PPAR-oc. Recently, it has been shown that 
PPAR-oc regulates fibrinogen gene expression in rodents 
[30]. This animal study supports the results of our study. In 
addition, several previous studies also have shown that 
fenofibrate decreases fibrinogen in human beings [3 1 ,40-42]. 
Previous studies showed that there was no concensus about 
the effect of the statin on the fibrinogen levels [15,16], The 
difference in results may be related to methodological factors. 
The immunologic assay is sensitive to fibrinogen as well as to 
fibrinogen degradation products, and thus may measure a 
higher value under certain conditions. In our study, the Clauss 
method that is not affected with the fibrinogen degradation 
products was used for fibrinogen levels. 

5. Conclusion 

These data show that these 3 groups of antihyperliptdemic 
drugs have beneficial effects on erythrocyte deformability 
index beyond their lipid-loweriag effects. In addition, feno- 
fibrate has significant beneficial effect on fibrinogen levels, 
which is one of the important cardiovascular risk factor. 
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Management of Dyslipiaentia in Adults 
With Diabetes 



RATIONAL! f0* f ftEATMEN? 

Of OYSlfPlDtWIA^ Thcmkmale 
k>t the crc&ttftcttt of diabetic dyslipideirtja 
is discussed in toll its she American Dt* 
abctes Asssciadorj (ADA) technical re* 
view Trtansgeaveni of Dysilptdenua bs 
&M<$ With Diabetes" (1). Type 2 diabe- 
tes is associated vtfth s two- to fourfold 
excess risk $f coronary hear* disefc&e 
(CHP), Although the degree of glyctmte 
in diabetic patients is strong related to 
the risk of microvascular complication 
<minopatfcy and re&al disease), the rela- 
tion of gfycemia to microvascular diabase 
in type 2 d&betes & more modes*. The 
finding of increased cardiovascular risk 
factors before the onset o£ type 2 diabetes 
also yuggeats that aggressive screening for 
diabetes cotnUried with tmprgv-ed glyce- 
ric control alone will not be likely to 
completely elimtate excess tUtk of CHD 
intypc2diaheriep*iients. Clearly, a *md- 
tif&ctotia* approach to prevention of CHD 
in type 2 diabetes will be necessary 

toevaunce of PYstiPiMiwuv 

IN TYPE Jt WAB6TK— The most 
corctman panem of dysMpidemia in type Z 
diabetic patterns h elevated triglyceride 
levels and decreed HDL cholesterol tcv- 
els. The: ccttomtrstiot* of LDL cholesterol 
in type I diabetic patients is usually Eiot 
signi&ai&fcl? different from ttoadiabetic 
indMdu^s- Diabetic patimis may have 
ekvated leveU of non-HDL cholesterol 
(LDL plus VLDU- However, type 2 dia- 
betic patients typically have a preponder- 
ance of smaller, denser LT3L particles, 
which possibly increases atherogeiiicrty 
ev«rc if the absolute concentration of LDL 



chokstOTl is riot m^iGcaritly termed. 
Lastly r as shown in the technical review 
{!), the mediae fr%lyctride levels type 1 
diabetic patterns Is <200 mg/dl Q,30 
mm<M) t arid 85-^5% or.p*tierit5 Have tri- 
glyceride levels below 400 rngfdi (43 
tnmoVD, 

As in notidiabetic individuals, lipid 
lewcte may be affected by factors unrelated 
to gryteTAia ot msMiin resistance, such a$ 
rerisl disease, hypothyroidism > and the 
foeqpeat occurrence of genetically deter- 
mined lipoprotein disorders (e f&mfel 
combined hyperitpidemia and fesulial 
hypertriglyceridemia). These genetic dis- 
orders may omtrtae 10 the severe ^y- 
l^nr^lyceTkkmift seen irt some patient* 
with dkbetes. furthermore, use of alco- 
hol and estrogen may also contribute to 
hypeictri^tycfendetnla, 

Uf>OI>«OYElH ftl$K FACTORS 
fOfcCHD — Relatively few prospec- 
tive studies of lipids and Apoproteins as 
predjetats of CHD have beeii repotted in 
type 2 diabetic sobjecs, sad the results 
have betu somewhat contradictory, In the 
large Multiple Fisk Factor intcrvesuion. 
Tr&l {M&FVTX total cholesterol as well sa 
cigaxtte smoking and blood pressure 
predicted the development of cardiova*- 
ate disease in disbedc attd nondlabak 
subjects, sraggesciftg that risk factor* may 
be predictive m both groups, la a f isinfeh 
study, increased ttiglycertde levels and 
decreased HDL cholesterol teveb {but 
neither LDL nor hotvHDL cholesterol 
predicted CH0 in wd^Harsaenzed type 
2 di^beEe^ sub)ecti- However, after ad- 
justment for HDL cholesterol neite to- 



The JssottuaerEifeistons ift ->J* iec bs*wi rhc cvi^tK» wed si the L&ibwiag pybiscsi^ft: 
Mssigeratntftf dystakrMato ^^^d^b^CT-cih£ik»i^vi^. Dk^tcs Cans 2kl<50-i76. i99B. 

n^di^d, tp&?m<i by the rvofessifs^ ?^ct^ CenrJwwt snd the ^acu^^ Com^iM, Novcir^r 
J W. Most n^rtc^/^vtoi, tOOO, ± , . 

CHO -soractHy hsfin d^scas*' CVD. ccrtbr^^Ctileir d**c«sc; M^^, mcdkH? nyir^ thempy; HCEP, nj- 
nwl Cholcs&M E^^cai^tt Preg^^; 4S, SiBvns^m Survlyai Study. 



tai nor VLDL triglyceride predicted CHD. 
U&tim d&ta from the Utdted Kingdom 
Prospective Diabetes Study (UKPDS) 
showed that both deete&sed HOL attd el- 
evated LDL predicted CHD (3). In obser- 
vation^ studies, HDL may be the most 
eotftteteat ptedictot of CHD m type 2 di- 
abe?es subjeete, followed by triglyceride 
and total cholesterol 

CLiNKM TftlAiS Of UPIO 

SUBJECTS No clinicsl trial has 
been dene cm the effects enipiWowmftg 
agents on &txbsequent CHD apeclfically 
diabedc subject?, Hc?wever r a number of 
dimes! triab have iTi£tuded scwll nnni- 
fes of adult type I diabetic subjects, in 
tht Scandinavian Simvastatin Stirvival 
Study {45} trUL simvastatin (BUG OsA 
reducuse Inhibitor ot ^stati^} signlS- 
e&ntiy Tedticed CHD inddence and total 
ticiomHty (borderline slgnitlcantiy) in di- 
abetic subjects with high LDL cholesterol 
and with previous clinical CHD. hi the 
Cholesterol arid Recurrent Events (CASE) 
study, pravastatin educed CHD inci- 
dence significantly in diabetic subjects . 
with average LDL hvek and with pttvi- 
oas clinical CHD. Ira the Helsinki He&TT. 
Study. j^wfibroziS CBbric add derivative} 
wsfcs ^sodated with 4 reduction in CHD 
m diabetic subjects without prior CHP 
(although this nauk was not statistically 
significant). In the Veterans A0& rs Kigb- 
Dett&ity Lipoproteiri Cholesterol Inter- 
vearion Trbl (V r A-HlT) s ^mflbrazil was 
assedaced. with a 24% decrease irt cardio- 
vascular e^*nts in diabetic subjects with 
prior carditrraicular disease (4), 

MODIFICATION OF 
UIHSPROTIINS AY 

mnrSICAL ACTIVITY The ADA 

ha* n&de recommend aiicms for both 
medicsi ^.ariru'jr. crierapy (MNT) (5) and 
physkaS activity (6)^ Wetgfw ^ snd. in- 
creased physical activity will lead to &z- 
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Position Statement 



tmn Itvtb in adult* wiffi t&xbe&s 



T*ble 2^-I>*&8H£*i <fedsi*ns based on Wl cholesterol tevtl in adults with Jfrfre&s 



Drug therapy 



LDL HDL 
d^ttg^l chotoro^ Trfecerido 



Mcdfc&l uutriikm there?? 

taaw&m tori LDL goal Initiation level LDLgoaj 



Hsgh <^ s=400 

Borderline 40-59 150-393 

Low <100 £60 <150 

Data arc given m milligrams per deriliEtr, "For 
ths Hist thotessero) values aboute be in* 

creased triglyceride and increased HDL 
cholesterol levels snd sbo to modest low- 
ering of UDL cholesterol levels. Diabetic 
patients who arc overweight should be 
given a prescription for MNT and for in- 
arched physical activity, the proportion 
of saturated fat in the meal plan should be 
reduced. The ADA suggests an increase in 
either carbohydrate or monoiinsaturated 
fat to compensate for the reduction in sat* 
■urated fat- Some Cbut not all) studies sag- 
£jsst that a higrv^mono unsaturated fat diet 
may have better metabolic effects than a 
htgh-tarbohydrate diet, although other 
experts have suggested that such a dietary 
modification may make weight loss more 
difficult in obes^ diabetic patients. 

Recommendations of the American 
Heart Association for patients with CHD 
(7) have suggested that the maximal MNT 
typically reduces LDL cholesterol 15*25 
nigitfl (0.40-0,65 vtmuMX Thus, if the 
LDL cholesterol exceeds the goal by >25 
m#&\ {OM mmol/l\ the physician may 
ckddc to institute pharmacological ther- 
apy at the same time as behavioral therapy 
foT high-risk patients (i.e., diabetic pa- 
tients with a prior myocardial infarction 
and/or other CHD risk factors), in other 
patients, behavioral interventions may be 
£valu&ted ait 6- week intervals* with con- 
sideration of pharmacological therapy be- 
tween 3 and 6 months. 

MODIFICATION OF 
LIPOPROTEINS EY GLUCOSE- 
IAWERIN& AGIfflTS— Interven- 
tions to improve gtyemia usually lower 
triglyceride levels. In general, glucose-lcr*-- 
ering scenes do not change or have only a 
modest elect on raising HDL levels. How- 
ever, the HDL composition may change in 
a direction ihcraght to be antiatherogenic. 
ThiazoMnedlones may increase HDL and 
LDL levels, but the long-term effect ofsveh 
change* is not known. UDL cholesterol may 
decrease modestly (up to 10-15%) with 



With CHD t PVD. qx CVD a 100 

Without CHD, FVD, and CVD felOO 



<100 
<100 



2:100 
St 130* 



<100 
<LOO 



Dui »t gtofemMffM*ptt deciliter *For puta* tfiH WLUwwlM ^ d ^ 

art* to ftddito. if &c HDL Is <40 as^L » toHc «Id such as fcn^rnc may be wed m tbBC r^«us. 
MKT statU bft ttwmpud below starting phsrmacolagcal tfacnw PV& pertf>W vascybr toss*. 



the acHevemens of optimal gLycemic oaniroL 
Since improved glycemic control may also 
lower triglyceride levels, it might also canst 
a fsvgrable change in LDL composition, 

TREATMENT £0JU£ FOR 
UPOPROTE1N THiftAPY — The 

categories of CHD risk by lipoprotein lev- 
els tu type 2 diabetic patients are shown in 
Tabte 1. Because of frequent changes in 
glycemic control in diabetic patients and 
their effects on levels of lipoprotein, levels 
of LDL. HDL, total cholesterol, and, tri- 
glyceride should be measured every year 
in adult patients. If values fall in lower- 
risk levels, assessment may be repeated 
every 2 years. In children with diabetes, 
consideration should be given so me&sitr- 
trig lipoproteins after age 2 years, as sug- 
gested by the National Cholesterol 
Education Program (NCEF5 Report of the 
Expert Panel on Blood Cholesterol to 
Children and Adolescents (6). 

Optimal LDL cholesterol levels for 
sduks with diabetes are <10Omg/dl (2.60 
mmolAX optimal HDL cholesterol levels are 
>40 rn^dl (1,02 mmol/1), and desirable 
triglyceride levels are <L50 mgAil (1.7 
mmd/1). (In women who, at least when 
non diabetic, tend to have higher HDL 
cholesterol levels than men, may be de- 
sirable to have even higher HDL choles- 
terol levels t>30 rog/dl CI 28 mmol/l)|.) 
However, raising HDL cholesterol levels 
pharmacologic^/ in diabetic patients is 
very difficult since the most effective 
agent raising HDL cholesterol levels is 
nicotinic add. which is relatively comra* 
indicated in diabetic patients, Fibr&tes 
cm raise HDL cholesterol kvels signify 
camly without affecting glycemic control 

Hie recominendadons for trastmem of 
devated UDL cholesterol (Table 2) generally 
follow the guidebnes of both the NCEF ($>) 
and a recent ADA consensu developmetu 
conference (.1993) (10), with the Mowing 
caveats, Pharmacological therapy should be 
initiated after behavioral Interventions are 



used* However, in patients with conical car™ 
diovascular disease or very high UDL cho- 
lesterol levels (i.e., 3*200 mg/dl 15,15 
nanoVlJ), pharmacological therapy should 
bcMriated at the same time that behavioral 
therapy is started. 

in the context of the NCHP report, it is 
suggested that di3betic subjects with ctini- 
csd CHD and an LDL cholesterol level of 
SslOQ m^dl '(2,00 mtnolA) after MNT and 
glucose interventions be ueattd with phAr™ 
jnacobgical agents. For diabetic patients 
without yre-ex&ting CHD , the current ADA 
recommendations for statting phexmnco - 
logical therapy are 1) an LDL cholesterol 
level of m^dl (335 rnmol/l) and 2) a 
goal of <100 mi^dl (2.60 mmoM) for LDL 
cholesterol, These recotranendations arc 
based not only on the high incidence of 
CHD in patients with diabetes, but al$o on 
their higher case fatality rate once they have 
CHD. Since a larg£ proportion of diabetic 
patients die before they reach the hospital, a 
preventive strategy based solely on second- 
ary prevention wonld not be abk to "save* 
large numbers of these diabetic patients. In 
patients with LDL between !OOmgtfL(2.60 
rnmol/0 and U9 mf/dl (3.30 rnmol/Q, a 
variety of treatment strategies are available, 
including more aggressive MKT ffrid phsr- 
rnacolo^cal treatment with a statin (1 1), 
MNT should be attempted before starting 
phirrmacoio^cal therapy, In adrffcioa. if the 
HDL is <40 m^dl, a fibrk add such as 
fenofibrate might be used In patients with 
LDL between IDO *md 129 ragfdl. 

In agreement with the earlier ADA con- 
sensus panel (10), increased trig-ycendc 
levels are reccgniitcd as a target for interven- 
tion. Since recommended LDL kvels are 
considered to be <10Q rag^dft (2,60 rrrmol/ 
1), and since marry d&beric patents have 
increased triglyceride IcveU, « large proporj 
ikm of diabetic parents will have devoted 
.levels of both LDL cholesterol and triglyeer* 
ides. As such , there is likely to be an increase 
of diabetic patients on pharmaco^ogicai 
therapy and, thus an increase in expend! - 
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Table 1— Order of pri mitfttf&r treatment a/ d^Kpidetttia & udult** lj i 

I, tBLcWest^ToI lowering* 
First choke 

HMG CoA reductase inhibitor (statin) 
Second cho^ 
Bile acid binding resin (resin) o f fenofibrate 
IJ , HDL cholesterol ra&ing 

Behavioral iraervenuoiis such as weight loss, Increased physical activity, and smoking 

cessation may be useful 
Difficult accept with nfcottete acid, which should be ised with cautiocu or nbratss 
ill. Trlgjycenrie lowering 
Glytemic central first priority 
Fibrie add derivative (gemfibrosi I , fenoflbrate) 

Swuto ^ modexstfciy effective at hi^a cose in hypenngiyoendemic subjects who .uw 
have high LDL cholesstcpoi 
IV. Cambmtd hyperUptdt^k 
Fte choice 

improved $yccmit control plus hagMoee statin 
Second choice _ x 

Improved ^ccmie control plus statin? plus &brk acid (parffefocti, fenofibtattf 

Third choice f . 
improved glycerol control plus reaui ffes Sbrit derive (gtmRbreziL fenoftaie) 
Imprwcd glycemte control plus attfint plus nicotinic acid? (glyctmtc control must be 
monitored carefully) , ^ — 

a* well ttcCSeacy of the available «g*ms. TTht csmbinaUcn a f rob* wt*h add ard 

picififarotit or f/ncfiW may carryall increased risk of myositis. Sec lot for ttcwmncndailcms fof paclesits 
with triglyceride Levels >4C0 mgfdl. 



rates on pharmacological ther&py= How- 
ever, the clinical trial data suggest that 
reduction of LDL cholesterol is assoc&ted 
with reduction in CHD and perhaps 
aB mortal 

Economic analyses, based on the 45 
study, suggest that pharmacological ther- 
apy may be ccat^cctive once indirect 
costs of CHD are taken Into account (12), 
Table 3 shows the order of priorities for 
treatment of dyslipidernia. Treatment of 
LDL cholesterol is consideaned as the ftrst 
priority for pharnwrtogical therapy oldys- 
Upidemia Cor a number of reasons ( 1). Clin- 
ical trials (45 and CA&E) showing the 
effectiveness of statins in reducing CHD in 
diabetic subjects show greater mk reduc- 
tions with narrower confidence intervals 
than the Helsinki Study with gemBbronl. 

The initial therapy for hypertriglyceri- 
demia is behavioral modiEc&tion with. 
weight toss, increased physical activity t and 
moderation of alcohol consumption. In the 
case of severe hypertriglyceridemia 
(3=1,000 mg/dl [11.3 tnrnol/ljX severe di- 
etary Eat rastnc&on (<I0% of calories) (to 
addition to ph&rmacologksd therapy) S» 
necessary to reduce the risk of pancreatic 
improved glyceric control (which has 
been toUt&ted by &e introduction ol new 
gjucose4owettag agents and. more Sequent 



use of combination therapy) is also very ef- 
fective for reducing triglyceride levels and 
should be aggressively used before the 1n- 
tjoditetiort of fibric acids. After the achieve- 
ment of optimal glyecmic control (or at least 
after the achievement or as much improve* 
merit as Itkdy to be possible), the physiam 
may considct addiT^ a fibric add. In Table 
1, the decision to start pharmacological 
therapy treatment is dependent on the cH- 
meters judgment between triglyceride lev- 
els of 200 mg^i (2.30 n\mol4) and 400 
m^dl (4.50 mmoVl). Above 400 m^dl 
(4.50 mmd/D, strong considetmion should 
be given to pharmacological treatment of 
tri^ycfirfeknria. m cotircast, Improved gly- 
ccmic control wdl only modestly reduce 
LDi cholesterol bvds, and therefore in di- 
abetic patterns with boih high LDL choles- 
terol smd high ghicose levels, one might 
simultaneously initiate glucose * 0W ®[J n S 
and smm therapy. In some studiES, higher- 
dose static are mod.ci^<ly efeti^ in r& 
dicing triglyceride levels in markedly 
hy^rtri^yecridemic subjects (tri^yecride 
^300 mg/di (3.40 tmnoM]). The critical 
sve is chat gemfibrozil &ho"uld nor be initi- 
ated alome in diabetic padents who have 
undesirable kvels of bcih triglyceride and 
tm cholesterol, renofibrate, a r^entiy ap- 
proved Sbric acid derivative, may have 



greater LDL4owetiitg effects and ^ be 
useful in di&behc patients with combirted 
hypcrtipidemia- Althou^i HDL cholesterol, 
as noted above, is a powerful predictor of 
CHD in diabetic punents, it is difficult to 
sriae HDL chokstmJ levels without phar - 
maeological intervention. Nicotinic acid, 
which should be used with caution in dia- 
betic padcttis, md Ebrases c^n eSecdvely 
increase KDL cholesterol levels. Behavioral 
InterverLnons (weight loss, smoking cessa- 
tion, txicres^ed phydcAl ^ctiviry) may in- 
crease HDL chol^erol. 

In some cases, combined lipid ther- 
apy may be initiated. Several options are 
shown in Table ^ The combination of 
statins with nicotinic add snd especially 
with gemfibrozil or fenofibrate has been 
associated with increased risk of myositis* 
although the risk of clinical myositis (as 
opposed to elevated creatinine phos- 
phbkinase levels) appears to be low. 
However, the risk of myositis may be in- 
creased, with the combination of gemfi- 
brozil and cerivastaun or in patients with 
renal disease. The combination of statins 
with nicotinic add is extremely effective 
in modifying diabetic dyslipidetnia (with 
the largest increases in HDL cholesterol 
levels), but the combination may signifi- 
cantly worsen hyper^ycemiaL Thus, this 
combination should be used with ex- 
treme caution; use low doses of nicotinic 
acid (£2 g of nicotinic acid per day) with 
Frequent monitoring of glucose levels. 



UPIDHU>WE1UN&A&EKY&— A 

brief sotarciwy of the actions of available 
agents for lipid tawering in patients with 
diabetes is shown in Table 4, Generally „ one 
or two agents are available in each class with 
the exception of the statins* for which thcr^ 
are many. The choice of statin should de- 
pend principally on the LDL reduction 
needed to ath&ve the target (<100 mg/dl 
12.60 mmofllX on the initial IDLlevel and 
on the judgment of the treating physician. 

It should also be noted that the higher 
doses of saatte trmy be moderately effective 
at reducing uiglycendc levels (though not 
neosssatily at raising HDL kvds) and thus 
tnay reduce the used for combination ther- 
apy With the use of high doses of statins, 
the LDLteveis m*? be reduced to 80 mg/di 
(2.03 rnmoi/l) or less, and there Is no safety 
data at such low U3Lkvek The use of very 
ht^h-dose starin therapy (ic* simvastatin 
SO mg or atotvsstariri 40 or BO mg) to treat 
h>^ennglyceridefii^ should be restricted to 
p&dents with both high levels of LDL cho- 
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position $taiem£nt 



Table agents for treatment gf fojftj&icmfe in ehtll* 

Effect on lipoprotein 



First-line agents 
LDL lowering 
HMG CoA reductase inhibitor 



LDL HDL Triglyceride 



Clinical 'rials to 
dtobetic subjects 



Triglyceride lowering 
f ibric acid derivative 
Second* iirie agents 
LDL towering 

Bile arid binding trains 
LDL atw5 trijpyceride lowering 
Nicotinic add 



45 (simvastatin) 
CARE (pravastatin) 



4 *->'f | 4 i Helsinki (^mfibrozii) 



None 



None 



In ftfette pvticno. ntcfltte acid should be njstriettd to &l sftey ; *>wri-**iofc tttotafe add is peefcrrttf 



lcssterol as wdt as high triglyceride levels. 
Changes in tkxapy should be done o ? , -4- to 
6-week inlervak based enlaboraory findings. 

CONSIDERATIONS IN THE 
TREATMENT Of AO*II«T$ 
WITH TYM I DIABETES — Type 
1 diabetic patients who are Hi good control 
tend to have normal (and ^rnetimcs better 
ib an normal} levels of lipoprotein. Their 
composition of lipoproteins may be abnox- 
trval, but the effects of these, oppositional 
abnormalities irt relation to CHD are un- 
known. There is relatively little observa- 
tional, data on lipoproteins and CHD, and 
there are no clinical trials relating lipopro- 
teins to CHD. It seems reasonable that if 
type 1 diabetic patie&tt have LDL choles- 
terol level? that arc above the goals recom- 
mended for type 2 diabetic patients (Table 
2) , they should be aggressively treated. Im- 
prove d gtycemte control may be even more 
important in type 1 diabetic patients than in 
cypc 2 diabetic patients For reduction of 
CHD (e^, Wisconsin ErXckrrdologic Study 
of Di&beMc R&tmopatlsy fWESD&D- 

CONCLUSIONS — Aggressive; ther- 
apy of diabetic dysllptdernia will probably 
reduce the risk of CHD m patients with 
diabetes, Primsry therapy should be di- 
rected tout at lowering LDL levels. The 
goal is to reduce LDL concentrations to 
levels T*ecmm£rKled for patients with 
pre-existing CHD {^100 mg/dl (2.60 
mmoi/1]). The tnlrfsttiosi level (or behav- 
total interventions is also an LDL choles- 
terol of MOO TriE/di (2.60 mjmoM)K The 
initial therapy should be to use statin 
therapy with the addition of s resin if nee* 
essary to reach the LDL goal 



Howmr, limited data arc available 
from clmicai ttiab> especially in diabetic pa- 
tients without clinical cardiovascuisr dis- 
ease. In the absence of such data> because of 
the high moruhty for diabetic patents with 
first myocardial ir&tmon, aggressive treat- 
of dyslipidemia is also indicated. For 
patients without previous CHD, the goal for 
LDL cholesterol is mg/dl (2.60 

mmot/Q; the initiation level for pharmaco- 
logical therapy is set at an LDL kvet a 130 
mgfdl (335 mmoM). Howcvsr, for patterns 
with LDL levels hetweerj 100 m& 129 nog/ 
dL a variety of treatment strate&es are avail- 
able, including more aggressive MKT and 
pharmacological treatment witha statin. MOT 
should be attempted before starting phar> 
macotogjeal therapy. In addition if the HDL 
is <40 rng/dl, a Sbric acid such $$ fenofV 
bratc might be used in parjeras with LDL 
cboLesterol between 100 and 3.20. mgdl 

The initial therapy for hyperttigfycer- 
idemia is improved glycemic control Ad- 
ditional triglyceride lowering can be 
achieved with very high dose statins (for 
subjects with both high LDL and triglyc- 
eride levels) or &bric acid derivatives 
(gemfibrozil or fenoBbratc). 
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